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| Arithmetical T rigonometry 3 
BEING THE | 


SOLUTION 


Of All the Uſual 


CASES 


I N Adams T8. S9. 


Plain I rigonometry | 


BY COMMON 


|[ARTTHMETICKE.,]: 
Without any T A&LES whatlocver. 4 
To which is added 


An Eafte, Exact and Speedy Method. |? 
for making the TABLES of Natural Sines, Tan- |} 
ents and Secants : As alſo the making of the | 

T ABLE S of Logarichms, and of the Artificial |-; 

- Sines, Tangents and Secants. With ſome uſeful | 
TABLES in GUNNERY. 


— — 


By MARK FORSTER, Mariner. | 
LONDON, Printed by F. Richardſon For William Court, 

atthe Mariner and Anchor on Tower-Hill near the End of rhe": 

Mindrits. 1650» | 
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To the Candid "EW by way of In- 
troduction and Preface. 


Aving Obſerved that the Do@rine 
of Trizgonometry depends wholly 
- #ponthe help of Tables, and Con- 


{fdering how many accidents and impedi- 


wients may intervene and hinder that conut> 
Hiency. Muy have ſet about the perfornizge# 
of plain Trigonometry by Natural Arithyyes 
tick, and moſt upon this ground, viz. That 


| F having aſſi gned the Hypothennſe of « 4 Right 


Angled plain Triangle to be alwayes 1,00, 
they found the baſe and perpendicular there- 
fo, or (which is all one) the Sines and Co+ 
(zmes in Decimal Numbers to every point 
"half, and ( ſometimes) quarter point of the 
Angle at the baſe to 45 d. which "Numbers 
were reſerved as fixt or ftationary' Num 


| F bers whereby ( #s in ſrinilar Triangles ) 


»- propoſed. Now although this method (re- 


to find the parts nnknown in the Triangle 


membring al thoje numbers) was not to be 


deſpiſed, jet to perform plain Trigonomet 
kereby to any degree or minute was impo 


ble without Tables of thoſe Numbers, which 


| would have been the ſame as the Tdbles of 


A 2 - 


To the Reader. . 


Natural Sines, and impoſſible to be commit- 
ted to\memory. {kerefore toremedy this in- 
conveniency in order to the more exact per- 


formance of plain [ RF 


cally with mjt eaſe to the mentory, there-has 
lately been i5,vented ageneral Rule to ſolue's 
right Angled plain. Uriangle by Arithme- 
tick, to 4 or 4. places of figures,and now for 
common good the ſame is made publick with 
a method ſhewing (to any reaſonable Capar 
city) how the whole Dodtrine of plain Tri- 
gonometry may be accommodated thereto Foy 
and thereby exatly calculated to three or 
four. places of jigures, which is exadt enough 
for any common uſe, and how far it may be 
ſerviceable as well at Land as Sea, the im- 
partial Pradiitioner may judge, it has beer 
long defired; by many,but never (that know 
of )attained unto or publiſhed till now, And 
it holds as well when the Angles. are given 
in any degrees and minutes whatſoever, us 
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when in eocn; degrees, or upon even poruts 7 


halves or quarter points of the Compaſs, bes 


ing no further burdenſome to the e/Aemory 


then the remembrance of a few lines, mbich 
#s inconſiderable in a Rule of ſuch univerſal | 
uſe; Now this general Rule or Fundamen- | 
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To the Reader. 

al Axiom, ought in the firſt place to be well 
imprinted in the memory before you pro- 
cede to the Reſolution of plain Triangles 
thereby. And now having premiſed thas 


: x much by. way of Introdu@ion. | ſhall in the 
enſuing part of this diſeourſe give the ea- 


der a © Brewiat of the Subje@ of each part 
contained in this Miſcellaneous Manual, 
viz, 1. The Dodrine of right Angled plain 
Triangles all the Caſes therein with exams 
ples of all varieties that-.can happen, fairly 


_ reſolved Arithmetically, to page 19. -\\ 


2. 1he Dodrine of Oblique plain T: rians 
gles compleatly handled in all the Caſes with 
Examples of all the varieties that each Caſe 
admits of, all reſolued by Natural Arzth- 
aretich, to pag. 63. 5 1 LR 
2. Toike exd that the Courteous Readerimay 
be COMp teat! } farriſhed with whatever is Jub- 
ſervient in this Arethmetical Irigcnometry. 
[ have added a full Treatije of Decimal 
Aruhmctick, to pag: 86. and titre-begi: 


HH diſcourſe of good uſe concerning eAlaltt- 


plicetor+ and Diviſors, viz, How to Con- 
vert 2 Qtven diviſor into a Maltiplicator, 
that ſhalt effect the ſane as the aAtvifor [5 
ven and the contrary, and this is explain- 


A g ed 


To the Reader. 
ed;: to page 89. mith Jome uſes of this Con- 
verſion in fixt "Proportions, to pag. 94. as 
alſo to p. 99. by ſome Wneſtions in the rule | 
of Three, but more amply the advantage of 
the ſaid Converſion appears in ſeveral Vue- 

tons in rules of plural proportion, ſuch as 
both kinds of Fellowſhip, and. Allication 
cach ſort, and this, to page 122. v6: i 
. 4s The Extradtion of the Square-root by 
very plain and eaſy rules, with ſeveral Ex- 
amples both in Imegers and Fra&ions, for 
better inſtruG@ion of the Learner, this being 
much ujed in Arithmetical Trigonometry, 
unto page 141. | 
& A very plgin exad and eaſje method 
how to make the Tables of \ tural Sizes, 
Tangents aid Secants to any {{adins, orto | 
Examine the certainty of any 1 ables atrea- © 
dy calculated , with ſuch Explications as | 
renders the ſubject thereof very intelligible, | 
tO Page 170, » | 
6.T he Conſtruction or milking the Tables 
of Logarithms, by the beſt and eafteſt me- (© 
thed hitherto found out or publiſhed, in the 1 
ConſtraGion or Examination off which Ta- 
bles the advantage of conterting Diviſors 
7h 


To the Reader. 


7 3vto Multiplicators, and the contrery is far- 
' 2. ther manifeſted, as far as page 201. - + 
| Kc 7. The making of the Artificial,” Sine, 
': Tangents and Secants, by brief but. Plain 
' and intel/igible DireFions, 
8. And lafily,, The manner of calcula- 
© ting thoſe uſeful Tables of 'Randoms or 
| Rangesin Gurnery, by ſome called tables of 
© Horizontal diſtances, by an eaſie proporti« 
.. on which hath heretofore been publiſhed by 
ſome and approved by others of good hnow- 
ledge and efteem, + 
All which is performed with as much 
' Perſpicuity and plainneſs, as the ſubjet# 
; » would admit, but if forme things ſeem too 
© prolix to the more Learned ſort. I hope 
” &+ the fault (if any) # pardonable, for that the 
9 * matier herein contained was chiefly imtend- 
” 2} ed for Learners and not for the Learned - 
although I doubt not but thoſe that have 
7 made a conſiderable proficiency in the eMa- 
| thematicks may herein find ſome things 
altogether new, and others probably which 
& may be both new to them and of good uſe, 
| Thus having given a\ brief account 10 my 
| 7#upartial Reader both of the whole and its 
as ts, hoping ue Errors have eſcaped that 


are 


| To the Reader. 
. are material, for that there hath been great 
care uſed> to prevent-the Jame ; get poſſibly 
fome may have bcen. overlooked ,* which [ 
hope 'the Readers Candour will. prompt hint 
to amend. For. gs it is impoſſible to find a 
man faultleſs, 'So- is it likewiſe as difficult 
fo. find a book \ without Errours. To this | 
I rmay firther add that theſe inferioun things | 
meeting with good, [Reception may in due 
time incourage the publication of other © 
things more abſiriſe and ſublime , which 1 
aoubt not but will be wery acceptable as well © 
as: nfeful , to thoſe: AMathematicians of a © | 
higher jphere, which as they are more know- \* 
ing and quick ſighted, ſo a particular pre- |. 
rogative of honour::and reſpet is due unto | 
thers,” and care ſhall be taken to preſert the 
ext in'a better method and order ; and in 
the interim I remain, according to my po- 
wer, a true Friend and well: Wiſher to the 
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Arithmetical T rigonometry , 


OR, 


"The Dofrine of Right Angled Plain Tri- 


angles , performed by Natural Arith- 
metick. | 


£ Efore we proceed to the Calculation of Right Angled 
B plain Triangles by Natural Arithmetick, I ſhall pre- 
| miſe as chietly preparatory thereunto. ME 
' Thathaving the Angles in any Right angled plain Triangle, 
and aſſuming the Leg oppoſite to the leſſer angle to be x00; 
-&e. This following Rule, will univerſally give the Hypo-- 
;*rhefuſe and other Leg. | "3-7 


The Ruleis, 


\ [vide 172 by the Angle oppoſite to the leſſer Leg 5 
| (which Leg muſt always be aſſumed 1,00 &c.) 


zquare the quotient, from which abate 3, and Ex= 


rratt the Square Root of the Remainder. This Roor 


*Subſtratted from twice the Quotient, one third part 
wof the Remainder u the Hypothenuſe ; and the Hypo- 
whenuſe Doubled and Subſtratted from the ſaid Q10- 


 Freent leaves the other Leg. 


6.2 


B There- 


2 -Arifthmetical Zrigonometry. 


Therefore when any.Righr angled plain Triangle is propo- 
ſed for Solution by this method, having the angles given, 
you muſt firſt always aſſume another right angled plain Tri- 
anpte having the fame angles with that propoſed, and the 
Leg oppoſite to the leſſer angle to be 1,00 &c., whereby find . 
the Hypothenuſe and other Leg in that a{lumed Triangle by * | 
-"e foregoing Rule, which done, thoſe two Triangles, viz. 

That propoſed, and that aſſumed, being alike are proporti- 

onal by the ſecond of rhe 6th, of Euc/id, That 1s, (obſerv- 

ing what fide 1s given in the propoſed Triangle.) As any _. 
one fide in the 'afſlumed Triangle, is to his correſpon- 7: 
ding-fide in rhe propoſed Triangle.: So is any other 
fide'in the afſumed Triangle, ro his correſponding fide in | £; 
rhe' propoſed Triangle. Hereby ( comparing like fides) 
every fide in the propoſed Triangle may be exa&!y found, . 
and this method fails not to give the true ſolution to three . 
or four places, which I preſume 15 exa&t enough fer rhe #. 
Marriners' uſe, for which ir 15 chiectly incended ; bur if the | 
Operations be contitined to two or three places of Decimals, : 
the ſolution ſhall-be-exa& enough for any uſe. And where- - 

as 14 moſt Treatifes of Trigonometry, the DoRrine of Right 
angled -plain Triangles is uſually divided into ſeven Cafes ; | 
yer4f they'be diſtinguiſhed only by their dara's they admit * 
but of four, as follows, The firſt and ſecond whereof in ian 
which the angles are given, are only ſolvable by the forega- Tr 
109 Rules, 3545 20 1 p: 
"Note, That when the angles are given in degrees and mi- tas 
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nutes, the minutes mutt he: reduced into Decimal parts 3 Y 
ſoPriidp\tcmiſed thus much we thalt proceed ro 3 0 q 

9395 JO. I IR F005 7 4% « 
( The Firſt Cafe. | 


| 5 i E- angles and one of the Leys heing given, | 5 
*Þ © To find the-Hypothenuſe 1nd the other Leg, '* 
TP 5 Example.” Ty 
» To the Righranglicd plain Triangle ALEC, 
There 1s given; © | 
- 'd, "OE. © : 
BAC 33-42 Or 33,7 2 AC and BC 


AB 222 C required, 


3 Arithmetical Trigonometry, 3 


»- | TInorderto the Solution hereof. 

1 >) The firſt Operation is to find the Hypothenuſe A c, and 

I- ,* the greater Leg A b, in the aſſumed Triangle A bc, the an- 

Ie Þ* oles thereof being the ſame as in the propoſed Triangle ABC, 

d viz bAc 33,7, Acb 55,2, and the leſſer Leg bc 1,0 ec. 
= bAc. }.. 


y © Quotient is 5x 
© 3 337) 1729 — (51 — 
i- 8 "* doubled is 10,2 
ve 350 _ Root ſubftr. 4.8 
1 £2 | SI | 

n- 2 I3 255 Rem,divided by 3) 5,4 
er p a”: \ 
" - 1 {qu, of the quotient 26,05 Hypoth.,, A cis 1,8 
sS) —— *s 

d, £2 Eo m8 Hypoth. doubl.is 3,6: 
ee |, 3 abated Remain, 23,01 (4,8 OO  ennrnrmnrngns 
By b _- Greater Leg A bis 1,5 
he ; OD FO 1.0 Coe TO Ch nts 

als, 38) 7oT 

Te- 54 "704 

phe * TROCTEG® 


mit © The Second Operation, To: find the Hypathenuſe AC, 

'in |/and the lefſer Leg B C which is required in the propoſed 

80- Triangle A B C. | 
. For the Hypothenuſe A C ſay, 

ml- A AY; AD r 2+ 80: a8 : 

3 1g s 222. : 2, 1,8 + '226,4 fequired.* * 


I,5) 3995 (256,4 


In 50 B 


For 


d» 


4  Arithmetical Trigonometry, | 


For the Leg B Cay, 
As Ab: AB: : bc BC 


I,s 7 222: 7 1,0 : 148 required, ſ 
1,0 | 
1,5) 222,0 (148 | 
72 anf:FACis 266,4 which was bf 
= wer@ BC 1s 148 required. | 


Note, That if Is require more exaneſs, the work muſt by 
be continued to more places of Decimals; as in the Examples 
following. N 


The firſt Caſe and ſecond Example. 


N the Triangle A B C Fig. 2. 
hog" 2 is given | 


| BAC 25—48 or 36,8 ACandBC ; 
AB 90 required. 5 
The firſt Operation, To find the Hypothenuſe A c and k; 
the greater Leg A bin the aſſumed Triangle Ab c, the an-1} 
gles being the lame with the propoſed Triangle A BC, and; is 
the leſſer Leg b c 1,00, &c. y, 


bAc Quotient is 4,67 f 
-—F _ 
36,8)172;0 (47 doubled is 9.34 if 


4,67 Root ſubſtra. 4; 4 | 4 


— Ret, divid. by 3): 5,00 | 
2720 : 2802 "oq [| 

1868 Hypoth. Acis 1,69 2 of 

144 — £ 

ſqu. of the Quot. 21,8089 Hy poth.doubl. is 234 þ \ 


| 2 Greater Leg A b 1,32 þ Y 
3 abated Remain. 18,8089 (4,34 7 

15 cf 
— = gre 


83) 280 s ing 


249 $ cf 
864) 3189 F 
3465 VP The 


LM 
= AS 


Arithmetical Trigonometry. 5 
The Second Operation, To find the Hypothenuſe A 
and the leſſer Leg'B C, which is required in the Co 

Triangle A BC, 
For the ryporhenaſe A C fay, 
Ad 2 AB 2 2 : AC 
49: go 7 1 + 113 required 
90 


1,33) 150,30 (113 
173__ 
4c © 
I 


For the Leg B C required ſay, 
Ad 5 AB +: be 2: BE 


1,33: 90 3: 1,00 : 67,5 required. 
1,00 
1,33) 50,00 (67,59 
1020 _ ACis 1137 which was 
—__ B C 67,6 required. 
199 


The firſt Caſe Third Example. 


" | ns the Triangle ABC Fig. 3. 
be There i M m_ 
d. 
BAC nM A $9,5 2A Cand BC re- 
BC 212 quired, 


The firft Operation, To find the Hypothenuſe A c,and the 


X greater Leg bcin the ailumed JO A bc the angles b<- 


Theh 


ing the ſame as in the Triangle'4. 3 C propoſed, and the 
lcfler Leg A b 1,c0, &c, 
B 3 | : Act 


OG .1Arithmetical Trigonometty. 


pb ; Quotient is &, 658 
30:4) 172,0 (5,558 doubled'is - rr;316 | 
Mp — $3658 * ' Roor Subſtr. 5,385 | 

2000 38 SITY thr 
— 45264 Rem.divid. by 3)$,930 
1760 28290 : a; 
— 33948 , Hypot.Ac11,999 \S 
240 28290 ma 
 Hypor. doubl.is 3, 954 # 
{qua.of the quot. 32,012964 a 


—— greater Leg. bc is 1,704 


3 ſubſtr. Rem, 29,012964 (5.336 3 
103) 4ol E 
309 , 
1068) 9229 0 
8544 J 
10766) 68554. | 3 
64595 'B 
3968 


The Second Operation, To find the Hypothenuſe A C and 
the lefler Leg A B in the Triangle A B Cpropoſed ; 
For the Hypothenuſe A C ſay, 
"ag M2 BC: 7 a AT ; 
1,704: 212 : : 1,977: 245,9 or 246 required. 
| 212 Et 
3954 
1977 
3954 , 
1,704) 419,124 (245,9 
nn Toy” | 
7832 | 
IO164 : 
16440 | 
' 1104 For 


a BM 


er rs DL DEA CY FP" 
9 A hy OTE 21 < 
AA * heh, Lect i! _ Oe" 
Coorg 2 oo 
EFLL>: 


c” For A B the required Leg ſay. 
As beg BUG : wb: AB eee 
- i 1704 :' 212 : t© t,oo : T24;4Tequir. 
_ | I} 1,00 —_ 
13704) 212,00 (1244 
s £ 4.160. 
: | 2528 
a 7040 
Fi 224 
7 CA Cis 245,90r 246 
= Anſwer And which was requi. 
; AB 12444 
The Fourth Example of the Firſt Cafe. 
nd 
2 TIN the Triangle ABC Fig. 4: 
Pp: There is Given | 
| 2 "n d. m. d. 
' # ACB39—230r3g9,38 
oÞ And A C&BCrequired. 
AB9g2 


= Thefirſt Operation, To find the Hypothenule | 
Ac, and greater leg bc inthe aſſumed Triangle 
#4Abc: having the ſame Angles with the propoled . 
$ Triangle A B C, and the lefler Ab 1,00, &c. 

| of eg Acb 


Joy 


Arithmetical Trigonometey. — 7 


#) Arithmetical Trigonometry, 


Ach Quotient is 4,358 
39,38 (17200 : (45368 doubl. is 8,735 
| FD.29 . 4 368 - Roor ſubſtr. 40IoO 

I4480 | ICY — 

34944 Rem.div.by 3) 4,726 ER 

26660 26208 | ——— © 

: 13104 Hypoth.Ac is 1,696 
3032 17472 — © 
0 SE; doubl.is 3,150 M 


ſqu. of the Quotient 19,079424 greater Leg bc is 1,218 M- 


ee eee 


3 abated Remain. 16,079424 (4,0099 or 4,010 ſere 
16 


800g) 079424 i 
72081 a 
= 
80189)-734300 n * 
72170T P 
12559 
The ſecond Operation, To find the Hypothenuſe A C, * 
and the greater Leg BC in the propoſed Triangle ABC; 3 
For A C the Hypothenuſe ſay. 3 6 
a; AD + AB : : 'Ac 7; AC bY 
1,00 5: 92 4 5 1,575: 1449 required, "4 
g2 _— 
3150 | k 
14175 | / 
1449100 : 


Arithmetical Trigonometry. g 
For B C the required Leg ſay. 


* | As Ab : AB : : be : BC 

6 1,00 2 923 : :; 1,218: 112,1 fore. 

O TN 92 

s 2436 

_ 'Y IO962 

-# R 1 12,0156 

© . (AC1449 

_ = Anſwer And which was required. 
BC 112,1 fere 


1 Note, That for variety ſake, as alſo for better 
2 illuſtration of the aforementioned Rules, Ihavead- 
2 fed more Examples in this Caſe, fo ſhall give 
k, fewer in the following Caſe. | 


: The Second Caſe. 
I HE Angles and the Hypothenulſe being given, 
- A * To find the Legs; : — 
J The firſt Example. 
In the Triangle A B C Fig. 5. 


* Thereis given 


= AC 182 
bi " 2 Ws (a B and BC required, 
BAC 41—42 0r 41,7 
The firſt Operation, To find the Hypothenuſe 

Ac, and the greater leg Ab inthe aſſumed Triangle 
| A bc where the Angles are the fame as is propo- 
led, and the lefler Leg b c 1,02; &c. . 

! Ac 


” LES 
< AOL 


. hf, 

Tl 
s 6, +» 
+ A 


F” - Arithmetical Trigonometry. 
F bA c _ 1-4, - The Qotient is 4,125 
41,7) 172,0 (4,125 doubled is 8,250 
pn CAE 4:125 Root ſubſtr. 73, 744 
520 _ 
— 20525 Rem.divided by 3) ) 4,506 
1030 8250 
_ a_-_ Hypoth, Acis 1,502 


1950 _ 16500 


F412 Hypoth. doubled is 3.004. 


_—— of the _ I7,015625 


——— 


3 abated 8 Remaind. 14.01 a6 25 (33744 
9 


me 


67): 501 
2499 > 
744) 3255 
2976 
7454) 28025 
23336 
The Second Opetation. To find the two Legs AB nin B G 
in the Triangle A B C propoſed, 
For the greater Leg A —_ 
Ac : AC Ab: AB | 
1,502: 182 : " IzI21 : 135,3 required. 
I,121I 
I82 
364 
152 
132 
1,502) 204,022 (13598 


$382 
8762 
12520 


504 72 | For 


greater Leg A bis 1,121 


3 


For the leſſer Leg B Clay, "0 


AS 
"5" PFOF* 2 1V2 2 7 "2,00 :.- Fatgh7 ar 
4 1,502) 182,00 (121,17 : 


5 
- | &Ac : AC kh 4 BC requir, 
% 
- 
L 


6 ABis 135,8 
Z Anſwer And - >which was required, 
bn |  (BCis121,2 


The Second Caſe, and Second Example. 


SE 


TN the Triangle A BC Fig. 6. | 
There is given 
| _—_ x” - 
BAC54-18 or 54,3)? * | 
And _ +#ABandBC:-required. 
AC 193 | 


| TheFirſt Operation, To find the Hypothenuſe 

& AC, and the greater leg bc in the aſſumed Triangle 
ACb, in which the Angles are the fame as in the 
propoſed Triangle A BC and the leſſer leg A b 
1,00 CC. | 


* Acb 


\ 


"I Arithmetical Trigonometry. 


A c b | Quotient is 4,818 
, 192,0 (4818 | doubled is 9,636 
35,7) pn——_ 4818 Root ſubſtr, 41496 
2920 | ww No 0" 
- __ 38 544 one third Rem, 5,140 Mi 
640 gh Y 


4318 — 
38544 Is the Hypoth.A c 1,713 


233 19272 


i 
{qu. of the quot. 23,213124 — 
—— ygreaterLeg bc is 1,392 


3 abated Remain. 20,21 3124 (4:496 
16 | 


—_— 


84) 421 
336 


889) 8531. 
8001 


8986) 53024 
53916 
The Second Operation, To find the Legs ABand B C in 

the Triangle A B C propoſed ; 

For A Bthe leſſer Leg ſay ; 
as Ac: AC: Ab : AB ; 
"* 1,713: 193 -: 1,00 ; 112,67 required, 

1,00 


md 


2,713) 193,00 (112,67 


—  —__—_ 


2170 


4570 
11440 


= 


For 


—- H=Hypoth.doub.is 3426. e 


--28 
[3 IN 
} . 
1: 


= 83x 


Arithmetical Trigonometry. — 13 © 


of For B C the greater Leg ſay; 
] Ac AC bc BC. ; 
5 As 1,713 : 193 : : 1,392 : 156,8 required,, 
wy | 193 of 
5 _—_ —_ 
— 4176 
> i 12528 
— 1392 
— 1,713) 268,656. (16,83 
2 — 
—_ 9735 anſwer 
Y Fd p AB Is 112,67 and 
bak 11706 BC 156,8 
"1 | which was required. 
F The Third Caſe. 
HE Legs being given, To find the Hypothenuſe and the 
angles. 
* | Firfſs Example. 
5 In the Triangle AB C. ; Fig. 7: 
Y There is Given 
T AB817ACandBAC 
3) BC 54 $ are required. 
"4 For the Solution of this Caſe. : 
ab Firſt find the Hypothenuſe A C by ExtraQion. of the 
3 {quare-root, to perform which, | 
F | The Rule is. 
Square the Legs ſeverally, and add their Squares together, 
- then Extra the Square Root of that Sum, which Root 1s 
r FF the Hypothenuſe required, 


The 


Arifhmetical -Trigonometry; 
The Operation. | 
LegABis 81 _  LegBCis 54 
Squared 8r © Muliipl initfelf 54 


M—— 
wo 


81 216 
648 270 

' The ſquareof A Bis 6561 The Squ. of B C is 2916 

The Squ. of B C add 2916 


The ſquare of ACis 9477 (97,3 A C required. 
an '. of 


187) 1377 
1309 


I 543) 6 800 


- Secondly, Having found: the three Sides in any Right 
angled plain Triangle, the angles may be rhus found, iz, 
get the Sum of the Hypothenuſe, and half the greater Leg ; 
Then the proportion is... . - | 

As the Sum of the Hypothenuſe and half the greater Leg, 

Is to' the leſſer Leg. So is 85 7h 

To the angle oppoſite to the lefler Leg, 


The Operation. | 


' The Hypothenuſe AC is 9723 
Half of A B the greater Leg is 40,5 


The Sum is © 41378 


Arithmetical Trigonometry. 15 © 
The Proportion to find B A C the leſſer angle oppofire ro 
the leſs Leg, BC a. ” CONE 
AS137;8 : 54 : : 86: 33,7 ': BACrequired.' 

54 = 


ap 


=. 344 
EY O HOW »7 
- Fu bRgp og HY 
0 137,38) 4644 (33,7 or 33--42 15 the ang.BAC 
A $109 
FE 9660 
2 CACi913 2 Jubich 
$5 1597,3 4. .m. 2 which was 
TW Anſwer BAC 33,7 or 33--42 : required, 
The Second Example of the Third Caſe. 
' N the Triangle A BC | Fig. 8. 
; There is given. 91.04 
AB61FACandA CB. 
BC87 $ required. 
The Firft Operation, To find A Cby the ſquare Roor. * 
The Leg A B1s 61 The Leg BC 87 
Which ſquared _ 61 = multipl. in it ſelf 897 
; | 61 ES, 
I 1 266 as © 1 7 Bg6} 


© Theſqu.of ABis' 3721 = ' The ſqu. of Bis 7569 
& Theſqu. of BC add 7569 _ wm 
& ſqu, Hypoth, A C 11290 (106,2 is AC required, 
I 


205) 1290 
- 1236 


2122) 5400 | The 


"26  Arithmetical Trigonometry. 
The Second Operation, To find A C B, 


The Hypothenuſe A C is 106,2 x 
The half of the greater Leg BC 43,5; k 
The ſum is - 1497 7 
The Proportion is, 7 " 
a. a. M. yy Wh 
As 1497 :* 61 3; * 86 : 35,04 or 35-02 the an. Þ 
p GI (gle ACB required; 3 
85 _ 
g16 z 
14997) $246 (35:04 2 
7550 _ 
6500 * 
612 


L ACis 106,2 and _ 
Anſwer d. 4. m. >which was required. ® 
ACB 35,04 or 35,02 7 


A 


The Fourth Caſe. 


. 
\ 


. Fn 
H E Hypothenuſe and one of the Legs being given. Ta 
To find the other Leg and the angles. .F 


The Firſt Exampte. 
In the Triangle A B C. 
There is given. Fig. 9. 


AC1i2?2ABand ACB 
AC 57S required, 


] ; 
- G91 

q 
7 4 


Arithmetital Trigonometty.. 


15 


3 For the Solution hereof; Firſt find A B the Leg requi- 
& red by the ſquare Root. To effect which, 


y The Rule ts, 


- Square the Hypothenuſe and the given Leg ſeverally, and 
+ from the ſquare of the Hypothenuſe, ſubſtra& che ſquare of 


the Leg. Then Extra& the iy 


*2 which Root is the Leg required. 


ZThe Hypothenuſe ACis 112 
Z Which mult. in itſelf 112 


224 
£2 II2 
FR I12 


© The ſqu. of ACis 12544 


ft he ſqu. of B C ſubſtr. 3249 


'186) 1195 
II16 


1924) 7900 
7696 


are Root of the Remainder 


The Operation. 


The givenLegBC $57 » 
Which ſquare $7 
399 
285 


—— 


The ſqu.of BC 3249 


ZThe {qu.of the Leg A Bis 9295 (96,4 is A B required. 
E 81 


Fo The Operation to find B A C. 


KErrs 


204 


= Secondly, Having the Hypothenuſe and the two Legs, 
& - the angle oppoſite ro the leſſer Leg as before in the 2d, 
"7 Ve » ale, | : 


2 The Hypothenuſe ACis 112 
Half of the greater Leg A Bis 48 
The ſumm is 160 


C 


ORs | a, 
a-100-Y.59* 286 7 26987 
$7 | 
602 
432 
| 160) 4902,0- (30, 6 


— anſwer ft 
i020 FAB 5g6,4and 4.n. I 


FR , 


w—=?Y ACB50d.q4 mn. or 59.24 
60 which was required. 


—_—.. 


y_ —— rmo—_—_—Gcmes P 


The Second Example of the Fourth Caſe. 
k the Triangle ABC Fig. 10, 
© There is given 
- AC1192BCandA CBre- 
| AB 87 { quired. | 
The firſt Opzration, To find the Leg B C, by the ſquare 
Root, as in ie foreguing Example) 
A Cthe Hyporhenuſe is 119 The Leg ABis 87 
which ſquare _ 119 which ſquare 87 


1071 609 
DES 696 
| I19 — 
E £997 5007 bits ©" Gabe ſqu. of AB 7569 | 
The ſquare of AC is 1415T uy | 
The ſquare of A B tubſtr. 7559 


Squ. of the Leg B C15 6 = (81,2 is BC required, 
-1 6s v7 


C—— 


161) 192 
; 1 168 


— — 


1522) 3100 The 


Arithmetical Trigonometry, 19. © 
The Second Operation to find BAC, + | 


The_Hyporhenuſe AC 1s 11g 

Half of A B the greater Leg 1s 43:5 
The Sum 1s : 12,5 . BCis 81,2 
| : Wt ©. 542 


if As 182,3 : 61,2 ; © * : 43. 
+ 85 

x A 4872 
- 6456 | 
'S 16 2,3) 698442 (43 fere, is BAC required. 


- "Wo — 


ve 4832 


WM | BCis 81,2and Y»  - = 
= Anſwer dei: which was requirgd. 


Thus much for our Effay and method:offered for the per- 
formance of the Do&rine of Right angled/plain Triangles, by: 
Natural Arithmetick(withourt the Tables of Narural Sines and 
Tangents) wherein all the Examples here added; where the 
Operarions are continued to two or three places of Decimals. 
The Solution thereby ſeldome differs above three or four 
Centifms, and ſomerimes leſs, from their Logarirhmical So-« 
lutions, which evidently manifeſts the certainry of this me- 
thod hefore any hitherto made publick. Now follows the 
Doctrine of Oblique angled plain Triangles. 


0 a Arith= 


Arithmetical Trigonomeiry , 


OR, 
The Dodrine of Oblique Angled Plain 3 

Triangles, performed-by Natural Arith- 
metick. = 


pn > md, ©) apy 


angled plain Triangles is uſually divided into five Cafes, 

but being diſtinguiſhed only according to their Data's, ® 

admit of no more then theſe four, which hereafrer fol- | 
low ; -of which the three firſt wherein the angles are given 
may be reſolved by thoſe Rules already delivered for Right 
angled plain Triangles. In order whereunto the Oblique an- 
gled plain Triangle propoſed, muſt firſt be reduced into two 
Right angled plain Triavgles, by letting fall a perpendicular, 
which muſt always fall from the end of a giyen fide, and op- 
poſire toa given angle, the angle joyning to the given ſide, * 
ſo will the given ſide become the Hypothenuſe and the given | 
angle the angle at theBaſe. That wherein is given the fide and | 
angle may be called the firſt Triangle, the other the ſecond, 7 
this being premiſed we ſhall proceed to the firſt Caſe, | 


T: which it is obſervable,That the DoArine of Oblique ® 


m1 OO 19. 5 


The Firſt Caſe. ; 2 
Ms * 

TY ſides and an angle oppoſite to one of them being | 
given, To find the third fide and either of the other ; 


angles. 


Firfi 


Arithmetical Lrigonometry. 
Firſt Example. 


In the Oblique angled plain Triangle A D E. 


There is given. 


AD68 4. ; 
DAE 41,2 FAEand AE Drequired, Fig.11. 
DE 79 


23 MNote, Thar in all queſtions pertaining to this Caſe, the . 
2 perpendicular being ler fall according to rhe former Rules, 


b:. always falls upon the required fide ; therefore if the greateſt ' 
== ſide be required, it falls within, as in this firſt Example. If 


either of the other two ſides without the Triangle, as in the 


& ſecond Example, & then the fide upon which it falls muſt be 


continued, and for the Solution thereof there is always the 
Hypothenuſe and the angles known, in the firft Triangle to 


| find the Legs, is in the ſecond Caſe of Righr angled plain 


Triangles, which done, there will be the Hypothenuſe and 
one of rhe Legs given in the ſecond Triangle, to find the 
other Leg and the angles, by the fourth caſe of Right angled 
plain Triangles. ; | : 

In this Example aforeſaid ; ADB is the- firſt Triangle, 
wherein the Hypothenuſe AD is 68, &the angle BAD 41,2 4. 
To find the Legs AB and BD. 737 


Therefore the firſt Operation is for the aſſumed Trian- 


Z gle Adb, correſponding the firſt Triangle ADB,. as. baving 
= the ſame angles therewith, and the lefſer Leg bd 1,00 &c, 
+ To find the Hypothenuſe A d and the greater Leg A b. 


Gag it (7 72et 41,2) 


Sc 


er TyST7 


Atithmotical 'Drigonometvy. 
Quotient is 4,175 


41,2) 1720 * *(4t7s *© doubl. is 2.350 
ua 4-175 Root ſubſt:, 3,799 


2087 5g : of the Rep . 4,551 
29225 — 
4175 Hypoth.Adis 1,517 4 
196 16700: T 7 
_ ——— * gout. 32,034 
(qu. of the ouen: on 99625 _m—_— Leg Ab 1s C4 


mot 


wy chard Remain. rha3o625 (3; 759 


_ 


rl - F FT 


" F 7 . 
«7/4 


at oor $43! 22) 
*+ 11 19 M16 44 1469 3:1 


4 


ak Horus 


MIgUT I 674 Di. ! 
EF : 


oa «|! 


/17889) 66525: 
1 ———— 


The ſecond Operation, To find the _ A B and, BD, in % 
FRE firſt emer A'BD/ k 


arts 7 F 


For A B the credier Leg a 


LES _ 


igang * [1,147 : Wes I4 required. Cþ 
12h! 2013 BB: 


4 


Ad WADI ts Ablan A Bur oi nr 


# ” 
ET | P: 
fd : FL me» arm 


90128 
| 6846 
1,517) 77588: (51,14 AB 
1738 
221I 


Arithmetical Trigonometry; 22 


For B D the lefler Leg fay, 
- Ad AD bd BD 


an ba 1,19 : 68 :: 1,00 : 448 requirgd," * 
$5 ; T,00 

I | ale Fon 

be: JF 1,517) 68,00 (44,8 

/ MN 

7320 

4 þ G 

"| 1252 

oro J 


Then in the ſecond Triangle E D B, 
2 There is given, hs 
23 DE the Eyporhenuſe 792BEandBED 
X# and DB the perpendicular 44,8 $ required. 


k Firſt, Find BE by extraQtion of the 3quare Root, as in 
7 the fourth Caſe of Right angled plain Triangles, 


The Operation, 
The Hypothenuſe D E155 The Leg BDis 44,8 
: Which ſquare 31599 which ſquare 44,8 
in þ pm 
4 3 boy 3584 
: 553 | 1792 
* k 1792 


S$qu. of the Hypothenuſe 6241 6. 263 o 
Squ. ofthe Leg, BD © | 20097,04 Squ. of BD 200904 


«F The ſqu, of the Leg B E'4233,96 (6 $07 isBE requir « 
; B | 36 


L \125) 633 
j 625” 
13007) o896 | 
4 C 4 Secondly, ; 


"24 Arithmetical Trigonometry. 


Secondly, Having found the three Sides, find the ar gle | 
BE D. oppoſite the leſſer Side B D, as in the third and 
fourtf of Right angled plain Triangles. 


The Operation, 


The Hypothenuſe D E is 79 
Half of the greater Leg BE is 32,5 


The ſum 1s II,s BDis 44.8 : 


Ir_—_—— — ——— ——— —c 
34 


| d. 
ASIll,s © *% 448 : 85: 34455. 
85 


GR 


26383 
3 584 


A d. mM. 
111,5) 3852,8(34,55 or 34—-33 BED. 


| 
| 


5078 
6180 


' 605 


Unto A B the baſe in the firſt Triangle 81,14 
Add BE the baſc inthe ſecond Triangle 65,07 


The ſum is A E which was required 126,21 


Anſwer AE is 116,2 and 
a, ds 


. m. Frtich was required, 
AED 34,55 or 34-33 J} | 


$ 


The | 


[1 
# 


gle 
nd | 


$. 
[ 
* 
py 


Arithmetical Trigonometry. 


The Firſt Caſe and Second Example. _ 


N the Triangle A DE | .". Mi 22. 
There 1s given. Og 
| DE 82 #4. - of 
ADE 106,3 SAD and DAE required. 
AE -. 120 


Tn this Example the perpendicular DE (according to the 
foregoing Rules) falls without the Triangle, and the requi- 
red Side A D upon which it falls 15 continued, then 1s DEB 
che firſt Triangle 3 wherein is known the Hypothenuſe D E 
82, and the angles, viz. B D E. 53,74. (the Complement of 
ADE to 180 d.) and DEB 16,3, d. To find the Legs E B 
and DB : So that preparatory to Solution, | 

The firſt Qperation 1s to find D e the Hypothenuſe, and be 
the greater Leg in the aſſumed Triangle, Dbe, which is equi- 
angular to the firſt Triangle DE B, and the leſs Leg thereof 
D b 1,00 &c, | : 

Quotient is 10,552 


d. X 
19,3)172 | (10,552 doubled is21,104 
———— 10,552 Roor ſubſtr.10,409 
9.0 —_ 
—_ | 21104 one third Rem.10,695 
850 $2760 : — - 
_ $2760 Is the Hypoth.D e 3,555 
35 105520 "OY 


« Hypoth.doub. 1s 5,130 


{qu. of the quot. 111,344704 


greater Leg 5 C15, 3,422 


3 abated Remain. 108,344794 (10.409 
I 


204) 0834 
816 


20209) 184704 The 


1 26 Arithmetical Trigonometry; 


hes Second Operation; To find the Legs BE and B D in 
tne . 


For BE the greater Leg it holds. 
SwalE : be .: BE 
82 : 3,422 : 78,7 required, 
| 8 


3,553) 280,504 4 


31954 


a 


25340 
. 385 


For BD the lefler Leg, ſay. 
. De DE Db DB 
2.5 Ss. BY: ; - 2. 200 2 Sg requrred. 
1,00 F 


— -_ 


$55) had oO (23 


onal 


5 


Then in the ſecond Triangic AEB, There is given, 
AE the Hypothenuſe 129? To find AB and 
and B E the perp=adicular 78,7 $ BA E, 


The firſt Operation is to find A B by the Extraion of 
the ſquare Root, | 


The | 


vp 


Arithmetical Trigonometry. 27 "MY 


The Hypothenuſe AE 120 The LegBE 58,7 
Which ſquare 120 * Which (quare 98,7 
2400 | $509 
120 6296 
| AR 5509 
M The Square of A E 14400 — 
W The Square of BE ſubſtr, 6193: 69 | 6193,69 
Remains the + # of AB ag 1 (90,59 Or 90, 6 fere is 
(A B required. 


_—_ Soy 
CO25 
1319) 15c6co0 
The fecond- Operation {having- the three BER to find 
the angle B A_E oppofite to the leſs Leg | "i 
The Hypothenuſe AE is T20 ' 
Half of A B the greater Leg 15 45,3 


' The Sum ts 16 5,3 BE is 78,91 . 


ASi65,3 5.,78,71 : 3 85 : 41d.ſreis BAErequired. 
86 


— 


49226 
625968 
1553) 576906 (41 ſire 


O—— _— — 


I5,705 


: | From AB the haſe in the ſecond Triangle 90,5 
2 SubftraQt DB rhe baſe in the firſt Triangle 23, 


SI LEoromnarty mn ——— - q 
+ 


: | There Remains A D which' was required 67,6 


Anfiver ' AD is 57.5 and 5 which was re- 
DAE 41 4, fere S quired. 


Note, 


f | 28 Arithmefical Zrigonomefry. 


Note, That in all queſtions appertaining to this Caſe, viz. 
Wherein two ſides and an angle oppoſite to one of them is X 
given, the angle oppoſite to the other given ſide js ſome- 
times dubious,and may be either acure or obtuſe ; that is, if 
the given angle be oppoſite to the greater of the given fides, 
the angle oppoſite to the other given ſide 15 acute, as in the | 
rwo preeceding Examples. = - 
Bur if the given angle be oppoſite ro the leſſer of the gi- 3 
ven fides, rhen the angle oppoſite to the other given fide 1s | 
donhiful, and may be either acure or obtuſe ; A 
And when the Caſe 1s doubtful, rhe third fide is alſo va- Z 
rious, according as the angle oppotite ro the other given % 
fide is required, whether acute or obtuſe, as in the two Þ 
Examples following. £ 


The Third Example of the Firſt Caſe. 


N the Triangie ADE Fig. 13 F 
There is peen ; | 


5 554 F | 
108 $4D and ADE required obtuſe. 
ls) 


In this Example, the angle ADE being required obtuſe, 
the Solution falls in the Triangle A D E, | 6: 
| And then (according to the foregoing Rules) the per- ? 
pendicular EB falls without, npon the required fide A D con- 3 
rinued, {o that AEB is the firſt Triangle, wherein the Hypo- # 
thenute AE and the angles are known, to find the Legs AB 
and B E; Therctore - 


The firſt Operationis for the aſſumed T:iangle A eb equi- 5 
angular to- the frit Triangle ABE, the lefſer Leg b e being 
- 7,00 &c, To find AE the Hypothenuſe, and A þ the greater | 
Leg. | | 
354) 


Arithmetical Trigonometry. 29. 


| _ ; : The Qaotient is __ $9 
IMme- Z | 
is, if #9 354) 172:0 (4,259 doubled is 9,718 
FR | 4:359 Root lubſtr, * 42540 
| the yogr 7 
f 43731 Rem. divided by 2s $178 
7 2080 24295 ET I 
des | ; Ja 338372 Hypoth, Ae is 1,726 
; Zlo 19436 SOR RK: 
_ —— Hypoth. doubled is 3,452 
wen i Yom of the Quot. 23,609881 ; "656m 
= — greater Leg A bis 1,407 


; 3 abated Remaind, 20,609881 (4254 fere. 
" 16 


85) 460 
425 


994) 359881 


VE oe EE + | 
*” 


The Second Operation. To find the Legs AB and B Ed 
in the Triangle A BE. 


For A B the greater Leg, the proportion is, 


uſe, Fre WE = | 
1,725: 108 : 7: 1,407: B8 required. 


Xer- © 108 
on- ws 
po- i 11256 
AB 14070 
| 1,725) Ig1956 (88,04 
Jul« | F OY 
ng 13576 
rer | nay k 
| 


44 irifhonetfeat leigremenetry. 


For B E the leſſer Leg it is, 


As Ae AE be BE 
1,726 108 : : 1,00 : 62,57Trequired, 
$,00 | 


1,726) 108,00 (62,57 * 


4449 


i 


9880 


—— 


1250 


Then in the ſecond Triangle DEB. There is given * 


DE the Hypothenuſe 702 To find B Dand 
and BE the perpendicular 62,57 $ BDE 


The firſt Operation, To find BD by the Square-Root, 


The Hypothenuſe DE 50 The Leg B E is 62,57 
which Square 70 which ſquare 62,57 


' Squ. of the Hypoth. 4500 43799 
Squ. ofthe Leg BE 3915 : 31285 
| — T2514 
Squ.ofche Leg BD is 95s, (314=BD 37542 
9 


__ —— —— ————— J— 


gy 391 5,004 
61): 85 CY 
G1 


624) 2400 


a Wl ov» A _-_ 


Fa 


Arithmetical Lrigonometry. 


The ſecond Operation to find the angle BED oppoſite to 
the leis Leg BD. | 


The Hypothenuſe DE is 50 
Half of B Ethe greater Leg 15 31.3 


— 


The Sun 15 101,3  B Dis 31,4 


ESI > > on en 


d. 
As 101,3' : 31,4 : + 85 2: 26,66 
85 , 


1984 
2512 


da. & 
101,3) 2700.4 (25,55 or 26—39 BE D required, 
_— the Complement whereof to 


6744 go d.is 63 d.21 m. BDE and 
— rhe Complement of BDE to 
6550 180 &.1s 115 d. 29 m.the 
anos obtuſe angle A D E required, 


From A B the baſe in the firſt Triangle 88,04 
Subſtr. DB the baſe in the ſecond Triangle 31,40 


hl 


There Remains AD which was required $554 


Anſw. AD 1s 55,6 and 4d. m. Þ which was re- 
ADE 116,65 4.or 115,39 $ quired, 


MY 


If the angle oppoſite to the given fide A E, had been re- 

quired acute, the Solution would have fallen in the Trian- 

gle AdE, whercin AdE would have been the angle and Ad 

the third fide required, thus found, 217. the perpendicular 

EB (agreea'vle to the foregoing . Rules) would -have fallen 

within, And ABE would haye been the firft |” wr 
| n 


IC 


/ 


_ 


"32 Arithmetical Trigonometry. 

find AB & BE as beforeas alſo BdE(equal BDE is the ſecond 
Triangle, therein to find the angle BDE (equal BDE 63 4. 
21.) and the fide Bd (cqual B D 31,4 ) which done, 


3 


Unto AB the baſe in the firft Triangle 88,04 
Add B d the baſcin the ſecond Triangle 31,4 


The ſam is Ad which was required 119,44 


Yn At v — —— 


The Fourth Example of the Firſt Caſe. 


N the Triangle AD E. Fig. 14- 
There 15 Given 


d. 
AED 37,5 : 
AD 63 $AEand DAE required acute. 
DE 9g1 


In this Example, bechuſe the angle DAE is required 
acute. The Solution falls in the Triangle ADE, and (ac- 
cording to the foregoing Rules_) the perpendicular DE talls 
within thc Triangle, and then EDB is the firſt Triangle, in 
which the Kypothenuſe DE, and the angles are known to 
find the Legs EB and DB, bur | 


The Firſt Operation, is for the aſſumed Triangle Edb : 
equal angled to the firſt Triangle i D B, and the lefs Leg db, 
1,00 To find the Hypothenuſe Ed and the greater Leg | 
E b. 


37:6) | 


Arithmetical Trigonometry. 33. ? 


. Quotient is - 4, 574 
* d. — 

s 7,5) 172,0 (4,574 doubled is 9, 148 
; AATINTY 44574 Root Subſtr. 4, 233. 
2160 _ _ —— 

m— 18295 Rem.divid.by 3)4,915 

2800 32018 Th 

— 22870 Hyport.E d is 1, 638 

1680 18296 | —— 


Hypot. doubl.is 3, 275 


ſqua.of the quot. 20,921476 
pinto greater Lep.E b is 1, 298 


3abated Rem. 17,921476 (4233 
16 . 


82) 192 
W4-.- 
843) 2814 
I 529 
8463) 28576 


The ſecond Operation, To find the Legs E Band D Bin 


.d i the firſt Triangle E D B. 

* - Firſt, For E B the greater Leg it is, 

- Ed BD |. i. - c:'ic: 

ro (£45 1,638 : gh: : 1,298 7241 required, 


gl 


1298 
11652 


| CE <i> RES 


1,638) 118,118 (92,11 - 


3458 
1820 


6) | 


192 


" 3& -Arithmetical Trigonometry: 
Secondly, For the leſſer Leg D B ſay, 


E d ED d b DB 
AS 1,638 : gÞ': : 1,00 ; $556 required. 
: 1,00 
1,638) 91,co (55,55 
——— 
9100 


-- 


9100 


9100 


Then in the ſecond Triangle ADB, There is given, 


The Hypothenuſe AD 63 FJ To find A Band 
& BD the perpendicular 55,55 4 BAD, 


The firſt Operation, To find A B by the ſquare-Root. 


The Hypothenuſe AD is 63 The Leg BDis 55,55 | 


Which mulripl. in it ſelf 63 Which ſquare 55,56 


— 


189 33336 
378 27780 
27780 
The ſqu. of the Hypoth. 3969,00 27780 
The ſqu.of the Leg BD is 3086,91 — 


The ſqu, of the Leg AB is 882,00 (29,7 Is AB required. 
4 EX © 


49) 482. 
_ 447 ———— 
537) 4109 
4109 


Oo 


30856,9136 


SE  pPY OO =& oy 


The ſecomt Operatian & #havirigthe)rhiree file); ta find 
the angle A D Boppotrerthe leſs Leg 4/oBr @ 594 
The Hyporhenuſe AD is 63 
Half of DB the greater Leg 1s 2947B: vi) 2:12 21.7 34 


The Sum is - 90,78 AB is 29,7 

— Q 5; 4, > 1N0%qmed 2d7bof © 

As 90,78 : 297 + : 85 7 29,02 ps MDW: 2d: 
| 86 | 


4 913 1; 53039190 T 


11782 5 th. _ 

| : [Ad a 139/lct odT 

2 76 ; "P - : - a 

SHOE "dig. d. mh OT 

90,78) 2554,2 (28,14 or 238—08 ADB required the 
fs $2! * © AE ef ro 

73850 _*  904d.15 614. 52 #, the , 
=_ '-  angk& BA Etchuited A- 
3 «. #75 J [x 


6 | Ju mm nc r——_ 
6 : 
i Linto EB the baſe. rhie\firft Triangle © 52,1 

6 Add AB the baſe in the ſecond Triangle 

4 


9748 PHI YHN ot: 4ogt ef) ©{+,) 7172 :5fot 
The ſum is A E the fide required ,' 


«RISES UNE JN IN 
In this Example, if the angle Eo the given fide 
D Ez had been: wins er ry. 3 the Aalpyon ould fave 
been in the TriangleaDE, in which Da E would have been 
the angle; and a E the third-ſide required.,u\And then (ac- 
cording to the! former Rules} the perpsndietler i B falls 
withour the Triangle, .and £ÞB-wauld hays þeem the firſt 
Triangle, To find E B and DB as befere, and aQB (equal 
ADB) the ſecond Triangle, therein to fad che angle BaD 
(equal BAD) 61 4: 52; and the fide 4B (equal ABN 29,7. 
which-done the obtufe angle-D a E and. the. fide: a & #5;thits 
had, d#% +  $Y$253- 2: 12-560 noon Hoteysr 
D 2 ' From 


The 


As 47; 
EE 

K-- 

"2 

#4 1 
; $ 


 Þ/From EBthe baſe inthe firſt Triangle 92,1 
$ubſtra& a B tlie baſe in the ſecond . 29,7 


Remains the ſide aE required ' 4224 
ole NP DS 4 


 Andthe Complement of Ba D 61—52 to 180 is 118—08 3 


the angle”N a,rcquired obtuſe. . 


Therefore if the angle at A be required acute. 


The 


anſwer is DAE 61 4. 52 1, and 
AE is the third'fide 101,8 : 


S712 51.:.7,57 JQA, £ Ar ISIS 
-: Bur-if the, angle at A be -% ith obruſe, 
F : The 


anſyer is D aE 118-08 and 
- aEthe third fide js 42,4 


- 


ArithmeticalZrigonometry, 


6 


2" In the Oblique plain Triangle ADE, There is given 7 
r3*0 57531 btby V4 F171 EI 4 
22 13913 iifeg, >! Ge © Me —_—_ 
2! ADE 'x 19;8"or 118—48 A E and DE re- | 6: £ 
-::! DAE-2%6355- or '26—42C quired. E. 


The Second Caſe. 


TE angles and one ſide being given tofind the other 
two ſites, P M 


+ he Firſt Example 


' And AD" 8533 - 


«Y Note, That"in all. queſtions pertaining to this Caſe the # 
the perpendicular” (agreeable to the former Rules) will al- ;; 
ways fall upon one of the required ſides, if either of the lef- | 


ſer | 


Z 


k 1] 
o8 © 


MW: 
Wy 
J 
EET 


er 


OD.” 


45 


Eh 
> 


. - 
tp. 
"1 
Wot 
_ 
by &: 
= 
oy 


LEO? 4 
ad nd 


Arithmetical Trigonomefry, 37c- 
ſer ſides be given it falls within;as in this firſt Example: 3 buf 
if the greateſt ſide be” given it falls: without che Triangle, 
upon either of the required fides being continued, asin the 
ſecond example : and towards Reſolution thereof, there is 
always the angles and the Hypothenufe given in the Firft* 
Triangle,to find the Legs as in the ſecond Caſe of Right *an- 
pled plain Triangles : and in the ſecond Triangle, you al- 
ways have theangles and one of the Legs known, to find the 
the Hypothenuſe and other Leg,as in the firſt Caſe of Righr 
angled plain Triangles. 


In this Example ADB is the firſt Triangle wherein the 
Hypothenuſe AD is 85,5 and rye angle BAD-r 26,7.dig. To 
_ che Legs AB and DB, and in order to the Solution 
thereof, : 


The firſt Operation, is for the aſſumed Triangle Adb equi- 
angular to the firſt Triangle ADB,and the lefler Leg db 1,00 
&c. to find the Hypothenuſe A d, and the great Leg A bz 


1, - Quotient js; 6,442 


d. 
26,7) 172,90 -. (5,442 dowbl.is 12,884 » 
, - .6,44 2 Roorſlbſtr, 5,256 : 
1180 ; PO:1 ———— 
12834 3 ofrfteRem. 6,579 
1120 25768 23 \ Cam 
_ 25768 - Hyporh.Ad is 2,226 
52 338652 ' 1 


mi —— ——foubl. is 4.452 
{qu. of che Quotient 41,499354 greater Leg Ab is 1,990 


4 


3 abated Remain. 33,499354 (6,208 | 
| 35 ; 


122) 249 
244 


12405) 59354 
D 3 


3ve Arlthmotical Trigonometry. 
| « ſerond/Optrationz Fain: the Les FR Bnt DE, is 
THT gyn AD Biz! of now . 

TO \FieltFor AB the oreater. Teg it holds. 


Aniad.; PT AD, hog rtPatt backing of cov 
12.5226!) Þ v6 $6575: -1 515 1 1:$69--4 76,435<quired, 
»!h Signs T B99 oor oft bin ft 25 1T ci 
gifs 5; 21 | 0) om PTTih 40 500 | 
angi/i3o S183 Na TE L453 14 


arty ich qrf 7 5! 


0 a paBY170,r45 (76 43. 


[446 


14325 


I0p3 Cb 4 vgvtiiT! 9690 7 
00.1 8 62. 35 in I 


CAL IJ q .n86-/ £ 
 Secohdly; For BD the leſſer Leg the proportion is, 


As Ad, #,;AD. : bd. 5 >Þ 
Lamad b4wa i ; 2 1,00.; 38:41 oqalect; 
y —— 1,00 
©50,D ſi 


ra— 
TI 4 (38.43. 


.- 


Then in the ſecond Triangle EDB. There is given 
x 34-54. 2 DE the Hypothenuſe, and BE the Baſe 
38,4 e required, 
_ firſt Operation is, for the aſſumed Triangle Egb equi- 
angular to the ſecond Triangle EDB, and the lefſer Leg there- 


of gb 1,00 and to find the Hypothenuſe Ec and the greater 
| LegEd. 345) 


| Arichmotica Arima as 
The Quotient is 4,986 


— — 


24:5) 172,0 (4,986 doubled'is 9,972 
— 4986 Root ſubſtr. 4,575 


3400 Ko | — — 
— 29915 Rem.divided by 3) 5,297 
2950 39338 —m—m—m— 
— 44874 Hypoth, Ecis 1.7565 
I90 19944 


Hypoth. doubled is 3,532 
has of the Quot, 24,8601596 —— 
——-—— greater Leg E bs 1,454 


3 nod Remaind. 21,2601 95 (42575 
I6 


'86) $36 
$I6 


927) J00L 
6489 


9345) $295 
45725 


4571 


The Second Operation. To find the Hypothenuſe DE and 
B E the baſe in the ſecond Triangle E, D B, 


Firſt, For D E the Hypothenuſe ſay, 


As bg 7 BD: 7 WE 2 Wl : 
1,00 5: 348: 5: 1,765 : 679,81 required. 
38,4 WET 
7054 
. 14128 
$298 


1,00) 67,81144' (67,8 - 
| D 4 


Arithmetical Trigonometty, 
© Secondly, For BE the baſeit holds. 


by : BD 2: £b :'EB 
1,00 : 38,4 ; F454 © 55, 84 fere, 


| 1,00) $3,8335 (55,%4 


Unto A B the baſe in the firſt Triangle 56,43 
AddEB the baſe in the ſecond Triangle 55,84 


| The ſum i5 AE required 132,27 


—C 


Anſwer 3 AE is 132,3 fere and 2 which was 
DE is 67,5 £ required. . 


Lu 


The Second Example of the Second Caſe. 
'N the Triangle ADE Fig. 16, 
L There is given 


AE 124 
AED 39,35 4. FAD and DE required. 
ADE 112,5 4. - 


In this Example the perpendicular (agreeable to the fore- 
going Rules) falls without the Triangle, and may either fall | 
om A upon DE continued, or from E upon A D continu- 
ed, as it is here done from E, and AEB is the firſt page 
wherein 


Arithmetical Trigonometry. 4r © 
wherein A E the Hypothenuſe is 124, and the angle BAE 
28,15 deg. To find the Legs A Band BE, Therefore 


The firſt Operation is for the aſſumed Triangle &eb equi- 
angular to the firft Triangle AEB and be the lefler Leg 1,00 
&c, To find the Hypothenuſe A e and Ab the greater Leg. 


The Quotient is 6,11 


d. | 
28,15)172,00 (6,11 doubled is 12,22 
———— 6,11 Root ſubſtra. 5,85 
3100 — — 
_ / 611 Rem, divid. by 3) 6,36 
2850 G11 | 
3566 Hypoth. Ae1s 2,12 
ow ———_—_ 
ſqu. of the Quot. 37,3321 » . Hy poth.doubl. is 4-24 


; b 64s Greater Leg A b 1,87 
3 abated Remain. 31,3321 (5,36 ; 
25 h 
108) 933 
864 
1156) 6921 


The Second Operation, To find the Legs AB andBE in 
the firſt Triangle 4 E B. 
Firſt for A B the greater Leg ſay. 
þs AC AE Ab AB 
's ; 
213 2: $86.:+ 5 U983.:.- - 109,4 requiued. 
1,87 _ 
868 
992 
124 
2,12) 231.88 (109, 8 
1983 
8 ; 
I6 


I6, 


2  Arithmetical-Trigonometry. 
- Secondly, For B E the lefſer Leg it holds. 
"p13 3: £24 2 3 500 
1,90 : 
2,12) 12400 (58,5 
| 1800 
104. 


Then ir the ſecond Triangle DE B. 
. There is given, 
d. a. d. 
BDE 67,s the Complement of ADE 112,5 to 180) and 
BE rhe perpendicular 58,5, To find D E the Hypothenuſle | 


and DB the baſe ; So thar, 
The firft Operation is for the aſſumed Triangle Dca equal- 
angled to the ſecond Triangle DEB, and Da the leffer 
Leg 1,00 To find ac the greater Leg, -ahd D& the Hyporhe- 
nuſe, Dca the angle oppoſite ro Da the lefler Leg is 22,5 deg. 
, Quetient 15 9,5 44 


doubled 151 5,282 
Root ſubſtr. 5,445 


585, required, 


d. 
22,5)172,0 (7544 
— 75944 
1459 OD OI 
30576 Rem.divid.by 3) 7.843 
, . 200 30576 eaganks þ 
——— 45854 the Hypoth.D c is 2,514 
1009 53508 —— 
— —- Hypoth.doub. is 5,228 


ſ{qu. of the quot. 58,430736 


greater Lega C 15 2,416 


3 abated Remains $5:430735 (73445 
49 


144) 543 
579 
1424) 6707 
5936 
14935) 77136 


The Second Operation to-find, rhe Hypothenuſe DE and 
e lefler Leg D Bin the ſecond Triangle DEB. 


Firſt, for the Hypothenuſe D E its. 


Wm. 4c BE Dc DE required. 
| 2416. = $8,5 3 301g" 63,3 
58.5 


13070 
20912 
and 13070. 
mw 2,416) 1529150 (63,3 ſee 
ual- _ I9 99 
{ſer . A110 
he- hs, ; | 
” Secondly, For the Leg D B the proportion is, ' 
4 | 
> . © BE Da DB 
2 2,416 .: 58,5. 3 1,00 : 24,2 required. 
5 1,00 


ntmmcoackuw. 


5 2,415) $8,500 (24,21 
AN n © 10186 

3: oo 5160 

Fi I 


rom ABthe baſe in the fixſt Triangle 109,4 
bſira&t DB the baſe in the 2d. Triangle 24, 2. 


here Remains AD which was required 85.2 


Anſwer DE 15 63,3 and 7 which was re- 
AD 85,2 S quired. 


44 Arithmetical "'Trigonometry. 
The Third Caſe. 


WO Sides and the angle between them, being Givcn, 
To find the third fide, and the other angles. 


Firſt Example, 
In the Triangle A DE. There 15 given, ; 


AE 125 | 
AD93 #&4. {DE, AD EandAED required. Fig.1; 
DAE 31.4 ; 


- 


In al! Queſtions that falls under the conſideration of this| 


Cafe, rhe perpendicular ( by the former Rules) always 
fa!ls upon one of the given fides: and if the given angle 
be acure it may fall eicher within or without the Triangle: 
bu- if the given angle be obtuſe, it fails withour upon either 


of rac given fides being continued, Then in the firſt Trian- 


gle you have always the Hypothenuſe and the angles given 
ro tind the Legs; and 1n the ſecond Triangle there is the 
Legs known, to find the Hypothenuſe and angles, as in the 
third Cafe of Right angled plain Triangles ; | 
In this Example the given angle being acute the perper- 


* dicular falls either within or withour the Triangle, here 


have Jer ir fall within. And ADB is the firſt Triangle in 


which the angie BAD is 31.44. and Ad rhe Hypothenute 78. 


To find the legs AB and BD fo that towards the Solucicn 
hereof,  - | 


The firſt Operation is for the aſſumed Triangle Adb equi- 
angular to the firſt Triangle ADB, and the lefler Leg db 
1,00 &c. To had the Hypothenuſe” A d and the greater 
Jeg Ab. ; 


314) 


Arithmetical Trigonometry. 45 7 
d. The Qotietet 5 5478 


1.4) 1720 5478 
31,4) 17 he” being doub. is 10.5955 


j 1 500 Root labltr. 5197. 
TIVCH, FEY 4382 4 
2440 38345 Rem.divid. by 3) $759 
21912 : 
242 27390 Hypoth. A d is 1,920 


{qu, of the Quot, 30,008484 Hypeth.doub. is is 3,840 


© greater leg Abis 1.6 38 
3 abated Remains 27,008484 (5,197 ow 


1029) $984 . 
9261 


rian- 
ver 10387) 72384 
s the The ſecond Operation to find the legs AB and BD is the 


firſt Triangle ABD. | 
Firſt, for AB the greater leg ſay. 


pen- " 

relfi ,, Ad AD | Ab AB 

e in 1992 : 978 : +; 1,638 : 66,5 required. 
78, 78 


13104 
11456 


1,92) 127,764(66,54 
, : 1255 


1044 
840 


" {Me Arithmetical Trigonometry, 
” From AE the whole baſe in propoſed Triangle 125,00 
Subſtra A B the baſe in the firſt Triangle 66, 84 


—  -- - 


There Remains EB the baſe in the ſecond Triang. 59:45 


—_— .-_—__ 


Secondly, for BD the lefler Leg it holds. 


As Ad AD bd BD : 
LW: 8 : ©4400 40,5 required. 
| 1,90: c. 
1,92) 18,00 (40,62 
1200 
480 


Then in the ſecond Triangle EBD, There is given 


DB the perpendicular 40,62 and ? To find DE the Hypothe 
EB the baſe 59,46 ruſe and the angles. 


The firſt Operation to find DE by the ſquare-Root. 


The Leg E Bis 59,46 The Leg DB 40,62 

Which ſquare | 59,45 Whichſquare 40,52 

355 6 

23784 
53514 
VIE . 
——— 16 

The Squ.of E Bis 2353544946 59944 

The Squ.of DB added 1* 59,9844 


Pn >  —_—— 


The Squ.of DE is, $194,4760 (72,09 fire DE required, 
| 49 


142) 295 
284. 


—— —— 


14409) 11760 


Arithmetical Trigotometry. 


The ſecond Operation is (knowing the three ſides.) To 
$ find the angle BED oppoſite the leſier leg BD. 


The Hypothenuſe DE 15 72,1. 
Half of BE the greater Leg 1s 2947 


I —  ——— ————— 


The ſum is | 101,8- 


The leſſer Leg BD 15s 


As 101,38 : 40,6 
86 


2436 
248 
- d, d. MM 


ION 8) 34916 (34:3 = or 34—18 the angle 
_ BED required the Comple- 


4375 hoon whereof to go 4. Is 
$5 4.42 11. the angle BDE, 


3040 


a, Mm: 
Then unto ADB in the firft Triangle $8—36s 
Add EDB in the ſecond Triangle 55—42 


Sum is the angle ADE which was required 1 x4--18 


6 


DE is 72,1 AED 34—18 or | 
Anſwer "0 - d. WE was 
and ADE 1 ha or 11443 required. 


The 


ad Arithmetical Trigonometry. 
The Second Example of the Third Caſe. 


N the Triangle A DE. Fig. 18, 
There 1s Given 


AE 122 - 
DE -75 AD, ADE and DAE required 
AED 33,44. 


Inthis Example becauſe the given angle is acute, the per- 
pendicular (agreeing with the former Rules) may fall either 
within or without the Triangle as in the laft Example, but 
for variety ſake I have here let it fall without, ſo chat EAB 
becomes the firſt Triangle,in which the angle AEB is 34,4 4. 
and the Hypothenuſe EA 122. To find the legs EB and BA, 
therefore, 

The firſt Operation is for the aſſumed Triangle E a d cor- 
reſponding the firft Triangle EAB, a d the lefier leg being 
x,00 to find Ea the Hypothenuſe and Ed the greater leg, 


: The quotient is 5,00 
34:4) 172,0 (5 being doub. is 1 0,00 
- s The Root ſubfir, 4,55 


DE EE CEE 


00 
The Squ. of thequot. 25 Rem.divid.by 3) 5,31 


OD mn ws 


3 abated Remain 22 (4,59 The Hypoth.Ea is 1,77 
| 16 _ 


— Hypoth, doub. is 3,54 
85) 600 a 


516 The greater Leg.Eb is 1,46 


——— 


929) 8400 
38361 


HO —— — 


39 * 


Arithmetical Trigononietry. - 4. , 


The ſecond Operation to find the "Rog E Band BA inthe 
firſt Triangle E A B. 


Firſt, For E Bthe greater" Leg it is, 
EA Eb EB 


1,797 * 122 2 : 1,46. : 100,6 required, 
1,46 


= As 


732 
488 
I22 


——_ 


1,77) 178,12 (100,64 fere. 


1120 
58 
Secondly, For A B the leſſer Leg ic holds. 
Ea EA ab AB 


I,97 3 129 : : 1,00. : 68,9 required, 
1,00 


AS 


1,77) 122,00 (68,93 fre. 


T1580 
| DRIER en =. ary women 


1640 


47 


From EB the baſe in the firſt Triangle 100,64 
Subſtra& the given fide DE 75200 


The Remains D B the baſe jn the 2d. Triangle 25,64 
E 


'50. Arithmetical Trigonometry. 
 Thenin the ſecond Triangle DAB. There is given. 


AB 68,937 To find AD and 
DB 25,545 BAD. 


The-firſt Operation to find AD by the ſquare Roor, 


The Leg A'B 1s | 63,93 The Leg DB is 25,94 Þ 
Which mult. in it ſelf 68,93 Which ſquare 25:64 | 
| 20979 10255 
62037 | 15384 
$S144 12820 
41358 | $128 
The Squ, of A B is 4751,3449 657,4096 
The S$qu, of DB is 659,4096 Cr 


The Squ. of A D 1s 5$408,7545 (7354 15 AD required, 
49 


7 ———_———_ — 


. 143) $08 
' 429 


1465) 7975 
7325 


14704) 65045 
58816 


Gra 


_— —— 


6229 


The ſecond Operation is having the three fides to find the 
angles, 


The Hypothenuſe A D is 73254 
Half of the greater Leg A Bis 34,45 


— ———_— 


The Sum is | 10 8,00 
LE CEE 


The leferLeg Db is 25:64 


De aa nn And 


' Arifhmokical: Triganqmery- 


"As 108 : 25.64 He 9s 7 204 deg BAD. 
86-5 


im: 15384 
"- ,, 20512 


p a. 
—_ 2205,04 Yer or cod-wh is BAD the Com- 
plement of which to go gd. is 
459, 69 d. 36 m. the angle ADB. 


—— 


18 


» 


The Complement of ADB to 180 4 is the angle ADE 
110 4, 84 #. which was required, 


d. ls - WM.” 
AD is 7335 ADE I10,4 Or.y110--24 which was 
A. d. Mm. 


Anſwer ” required. 


and DAE - 35) ,2 00 3g —12 


— 


The Third Example of the Third Caſe. 


x the Triangle A D E. 


There 1s Given Fig. Ig. 


WT 
ADE 109,3( AE, DAE and AED 
AD 85 required. 
DE 93 


[In this Example (the given angle being obtuſe) the per- 
pendicular (agreeable to the former Rules) falls without the 
Triangle npon either of che given fides continued, here £ 
taye let it fall from A upon DE continued, hereby DAB be- 

E 2 comes 


$2 Arithmetical Trigonvmetry. 
comes the firſt Triangle wherein is given A D the hypothe- | 
85.and ADB 90,9 d. (the complement of ADE to 1804.) þ 
To find thelegs AB and DB, therefore, 


The firſt Operation is for the aſſumed Triangle Dab, 
_ angled with the firſt Triangle DAB, and the leffer leg 
Db 1,00 and to find Da the hypothenafe,and a'b the greater | 
leg thereof. | 


Quotient is 8, 912 


d. | 
19,3) 172,0 (8,912 doubled is 17,524 
| — 8,912 Root Subſir. 8,742 

17824 Rem.divid. by 3)9,082 
8912 
80208 Hypot. a D is 3, 027 
71296 | _ 

oi: 7 | ng—__, Hypot. doubl.is 6, 054 
ſqua.of the quot. 79,423744 : _ 
— rcatcr Lc. is, 


3 abated Rem, 


76,423744 (8,742 

64 phones 
157)Þ242 

1169 


1744) 7337 
6976 


17492) 36144 


Arithmetical Triganometuy. - 53; 


The ſecond Operation, To find the'Legs A Band D Bin 
the firſt Triangle D A B, 


ab, Firſt, For A B the greater Leg the proportion is, 
leg aD AD ab AB 
ter 


AS 330279 : 85 : : 2,858 81,2required, 
86 


Le ny 


17148 
22864 


— — Rn 


3,027) 245788 (51,2 ſert 


Ie —— —_—————_—_— 


3628 - 


a. ri. 


6010 |: UPz al 


Secondly, For DB the leſſer Leg the proportion is, 


aD AD "—_ DB. 
3.027 : 86% ? 3 1,00 = \ 2634 required. ' 


"-®UntoDE 93 
Add DB 28,41 


The Sumis EB 101,41 


Then in the ſecond Triangle E A B: 1956S £4349 
There 1s Given, j 


EB the baſe 101,41 and } To find AE the Hypothe- 
AE the perpendicular 81,2 nuſe and the angle AEB. 


E 3 The 


54 Ar(thintefical Titadionitry. 


7t + a; 3 DG 5 1 A 047 Ms | ol y. : ; ; 
"The firlt Operation to find AE the Hypothenuſe by the 


ſquare-Root. 
a. i . 


5 (1:21170GOtG 97:7 3.3 23:53717 © 
TheLegEBis «5, 1914 The LegA B.-81,2 
mulc. in it ſelf, .... , * 1204,4 . mult. in irfelf 81,2 


__ 4656. 1624 
ICI4, 812 
Io14o ; .. 6496 


— ſqu.of ABis 6593,44 


The Squ.of E Bis' © :19281,96 _ 
The Squ.of AB added $5493:44 


ODS Lon en oo 


The Squ.of AE is 16874,49 (129,9 AE required. 


—_—__ 


ic; 22) .68 
++ 


249) 2474- 
2211 


725859) 23300 
23301 


w=_ 


[2,122 03 af *:2 911 | 
-Fhe ſecond Operation is (having the three ſides) to find 
the angle AEB oppoſite to the leſſer leg A B. 


The Hypothenuſe AE is 68 
Half of the greater Leg EB Is ..,.;,; $07 


The ſum is 180,5 wn” 


Tlie lefler Leg AB is 


- 


©” _ op © , ea , 57 
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As 180,6 : 81,2 : 2: 85: 38,94. 
26 


4872 
6496 


180,6) 6983,2 (38,7 d.fere ABE required. 
I5652 


12040 


"CAE 1s 129,9 of 130 | | 
Anſwer 4 A ED 38,74. fereor 384.414, pwhich was res 
and DAE 32 4. quired, 


The Fourth Caſe. 


T AE three Sides being Given, To find the angles, 
Firſt Example. 
In the Triangle ADE. There is given. 


AE 112 
AD 78 CAED and ADE required. Fig.20, 


D E 62 


For the Reſolution of this Caſe, reduce the Oblique plain 
Triangle into two Right angled Triangles bp letting fall a 
perpendicular, which may either fall within or without the 
Triatgle without limation, that fide upon whichthe perpen- 
dicular is ler fall is the baſe. Then'to find the baſes in both 
the right angled Triangles, firſt find the alternate baſe by 
this proportion, 277, | | 
E 4 AS 
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As the true haſe, is to the ſum of the two ſides ; fo is the 
difference of thoſe ſides, To rhe alternate baſe : When the 
perpendicular is let fall within,rhis alternate haſe is the diffe. | 
rence of tie baſes, and when the perpendicular falls withour F| 
ic is the ſum of rhe haſes in the two righr angled Triangles; 
8 that having rhe true and alternare baſ?, ſubftratt rhe leſſer 
from the greater, and the perpendicular fails in the middle 
of the remainder, therefore half the remainder is the | baſe 
. in the leſſer Triangle, and half rhe remainder added to the 
alternate baſe if 1ts the leaſt,or to the true baſe if irs theleaſt, 
gives the baſe in the grearer Triangle, and when the per- 
pendicular falls within, the rrue baſe is the greateſt ; when 
withour the Triangle, the alternate baſe is the greateſ?. 

Thus having found the baſe 1n each Trianple, there is the 
baſe and .hyporhenuſe in either known, To find the per- 
pendicular (which 1s common to both) by the Square Roor, 
which done, then 1s the three ſides in each known to find 
there angles. 


For better illuſtration of what 1s here premiſed, I ſhall 
ler fall the perpendicular within in this firft Example, 
and without the Triangle in the ſecond. So that in this 
firſt Example the perpendicufar D B is let fall from D 
the greateſt angie, upon A E the greateſt fide. and deſcri- 
bing the Semi-circle Z E X, with the extent DE the lefſer 
fide, upon D as a Center, then is A Zthe (um, and AX the 
difference of the two ſides ADand DE, alſo AE the true baſe 
and A N the alrernare baſe, being here the difference Le- 
rivecn the baſes A Band BE. | | 


The firſt Operation 1s to find A N the alternate baſe. 
' AD is 7 4 


The two ſides. y* 
DE is 62 


Theſum is 140-equal AT. 


The ditter.is 15 equal A X, 
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The Proportion, 


fe. A®-7 AT «tt 5+ A 7 Al 

our MD 112: : 140 : ; 15 :: 20 the alternate baſe, 
es3 " 16 | 
fler — 

dle 840 

aſe 140 

the — 


112) 2240 (20 


/ 8 
he From AE the true baſe I12 
wy Subftrat AN the alternate baſe 20 
Or, The Remainder is N E 02 halt whereof, 
1d 


Is the Baſe BE in the lefſer Triangle 45 
Unto which add AN the alrern.baſe 20 


The ſum is the baſe AB 65 1n the great, Triangle. 


The ſecond Operation to find DB the perpendicular. 


The Hypothenuſe DE 1s 62 The Baſe BE is 45 


I, Which ſquare 62 which ſquare 45 
124 276 
e 372 184 

2 Squ. of the Hyporn. DE 3844 Squ.of BE 2115 


Squ. of BE {ubſtr. 2116 


Rem, the ſqu. of DB 1728 (41.57 is DBrequired, 
15 


| 81) 128 
31 


825) 4700 
4125 


8307) $7500 


The 


538 © . Arithmettcal'@rigotdmefey.. 


The Third Operation to find the angle BED ia the riglit 
_ apples plain Triangle EBD. 


The Hvporkenuſfe DE 15 
Half of EB the greater leg 15 


The Sum 1s 
DB the leffer leg 15 


As 85 3 41,97 : : 86 : 42,1d:rheangle BED, 
86 


24942 
33259 

3575,02 (92.1 d, fer: the Complement where- 
of rogod.1s 47,9 d.the an- 
gle EDB. 


- The fonrth Operation to find the angle at A in the right 
angied Triangle ABD. 


The Hrporhenaſc AD * 73 
Half of AB the grearcr !es is 33 


The Sum 1s 


DB the leffer leg is 
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iglit AS 1IE 2: 41,57 : : 86 : 32,2, the angle BAD. 
86 


24942 
33256 . 4 
eg 


111) 3575:02 (32,2 d.the Compl.,whereof to go 


245 is the angle ADB 57,8 
—— add rhe angle ADB 47,9 
230 wid 
D. ———- ſumis the angle ADE 10g,7 


oo which was required = 


Ce 
[1- 


The Second Example of the Fourth Caſe. 


N the Triangle A D E, Fig. 2I. 
There 1s Given 


AE 10g 
AD 69g >DAE, and ADE required, 
DE 5%8 


In this Example,T have ler fall the perpendiculat A B from 
the angular point at A without the Triangle upon the fide 
D E contihued which is here the baſe. | 


Therefore upon A as a Center with rhe extent of A D the 
[ter fide, deſcribe the Semi-circle XNZ,, theti--is- EZ the 
ſum, and EX the diffcrence of the two fides AE and AD, 
alſo DE js the true baſe, and NE the alrernare baſe, being 
| nowthe ſum of the baſes BD (equal BN) and BE. 


The 
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The firſt Operation is ta, find EM the alternate ba. 


The rwo Sides, 


AE 105 
AD 69 


The ſum is 174 equal to EZ 


The difference 15 35 equal to E X Then ſay, 
? 


\ 
As DE EZ EX EN 
2: 199 ; 7.8.1 108 the alcernate Baſe, 
35 | 


1044 
$22 


58) 8254 (1098 
: 45 


— 


O 


From EN | 102 the alternate Baſe. 
Subttratt ADE 53 the true baſe, 


There Remains DN _ $50 


Half whereof is DB 25 the baſe in the leſſer Triangle, 
Unto which added DE 58 the true baſe. 


The ſum is BE 83 the baſe in the greater Triangle. 


ſn RO 


The 
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The ſecond Operation to firid AB the perpendicular. 


The Hypothenuſe AD is 59 The leg DB is 25 
Which ſquare 69 Which ſquare 25g 


Q G21 125 
414 Rr. 
V—____ : "A on—em—necmmnges 
The ſqu. of A Dis 4761 The (qu. DB is 625 
The ſqu. of DB is 625 —— ——— 


Theſqu.of A B is 4136 (54,3115 AB required. 
36 | 


124) $35 
456 


ſe, 


1283) 4000. 
3849 


| no 


Is1 


The Third Operation to find the angle at A in the Tri- 
angle DAB, 


The H —— AD is 69 
Half of AB the greater Leg is 32 


The Sum is Ior 


DB the lefler legis 25 


CS ee ee nn 
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AS 101 © +: ::85 7 21 4. 28 nm. the angle BAD, 
8 | 


* IgO 
200 


101) 2150 (21,28 4. or 21 4. 17 m. the Comple. 
ment of which to go 4. is the angle 
130 ADB 68 4. 43 mn. and the Comple- 
- ment of 634. 43». to 1804. i 

1114.177.the avgle ADE required, 


The fourth Operation to find the angle AEB in the Tri- 
angle E AB. 

The Hypothenuſe AE 1s 105 

Half of EB the greater leg is 41,5 


The ſum is 146, 5 


That 1 rn enme————_—_——_—— 


AB the leſſer leg is 64:3 


* 


AS 146,5 : 64:3 ::85 : 37,75 d. theangle AEB; 


—— 


_ — 


3358 
5144 


1465) $5298 (3775 4. or 37 4.45 m. the Comple. 
— —— menr of which to god. is 


11348 $24.15 #. the angle BAE 
— from which ſubftra& 21 4. 
10930 17 z.ttzangle BAD, remgin- 
—— deris 304. 58 m. the anple 

6759 DAE which required, 


Anſxer ADE is 111 4. 17 mand Þ which was 
DAE 15 30 4. 58 m. £ required, * 


£175 Corozat Opits» Thus 
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Thus much for the Bodrine of oblique angled plain Tri- 
angles by Natural Arithmetick, Whereby all the \uſual 
Caſes therein are reſclved without Tables, and no further 
burdenſome to the memory, then rhe remembrance of three 
or four line which is incontiderable, - o30cA 


h v 

And it may alſo be obſerved,That all the anſwers for the 
toregoing Examples, in the ſevera] Caſes of oblique plain 
Triangles rarely difler three Cenriſms from thetr Logarichmi- 
cal anſwers ; yer notwithſtanding if any ſhall be ſo critical 
(or rather vprejudicially prepotieſt) as ro cavil at what is 
here undertaken, alledging ic redious, or thar the riſe there- 
of was from Szellius, or Mr. Co!lins, and long ſince made pu- 
blick by thenmi. To which my anſwer is, I muſt need ac- 
knowledge my ſelf very much beholden ro thoſe worthy 
Men, whoſe Works was a means that this was brought to 
light 3- yet neither of them has given any Rule whereby to 
reſolve a right angled plain Triangle, having only one of the 
ſides and the angtes given withour the aid of Tables, There 
fore let ſuch as cavil or raiſe obje&ions as aforeſaid, bur frame 
a better or moreexpedirious way from Sne/lizs his. Rule and 
Demonſication, or by any other means of cheir own withour 
Tables, and then I ſhall very ſubmiſſively crave their par- 
don ; otherwiſe I may expe& their tavcurabie Conſtruftion 
of whar I have hcre publiſhed. | 


I ſhall forbear the application of plain Triangles, fo any 
parts of the Mathematicks ; preſuppoſing the Reader to have 
made fo far an Introduftion in ſuch Sciences as to do that 
himſelf, bur if nor,hall refer him to ſome Authors already 
extant ; many whereof have {o well performed jt, that now 
it ſeems almoſt impoſſikle ro add any thing more that is ma- 
terial or uſeful. Yet how advantagious this method may be ac 
Sea in caſe bothbooks and infiruments be loſt, and how con- 
venient on ſhore in taking altitudes and diſtances, when the 
Tables of Natural or Armnficial Sines, Tangents and Loga- 
rithms are wanting, Ifhall leave co the impartial Practitioner 
to Judge. 
And 


| Arithmefical. 4, 10 ome 0 "X 
WE 4 X F* | Y 
-* And leaft any into whoſe hand this may come, ſhould be 
at a loſs for want of a competent knowledge in Decimal 
Arithmetick, I have hereunto ſubjoyned a ſhort bur full 
Treatiſe thereof, togethe? with the ExtraRtion of the Square 
*: Root. So thatthe Reader may herein befully provided and 
| fitted with what is moſt neceſſary and pertinent for perfor- 
| © mance. of the preceeding Work, | 
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Decimal A rithmetick. 


tent, or meaning of the word as. implying the 2 

integer (whether it be Money, Weight, Meaſurg, ; 2 

"Time or Motion, &c.) to be divided into 26 

equal parts,- each of rhoſe>parrs ſub-divided into 10: equal 
parts more, and each of thoſe into 10 again, &c. 4d infitts  .; 
tum. So that hereby the integer js divided"into10, 100,07 3 
1000,@c.equal parts,which are the Denominarors to the De> 8 
cimal Frations.& therefore they, wherher alone/or Joined to © 
whole Numbers are ſe]dom expreft, hut only che Numera- 3 
tors, winch arc diſtinguiſhed from the whole numbers by a > 
Comma, thus ( ,.) having always for their Denominatogs | - 
ar unite with as many Eyphers annexed co Jr,” as their are...” - 
Decimal places in the Numeracors, as in theſe being joyned © 2 
to whole numbers, viz. 3,2 : 3375s : 126,632 and ſuch» 3 
like, which ate read rhus, 3 integers, and 2 tenths, 33 in- | 
tegers and 75 hundred , parts, 125 integers, and 632 3 
thouſand. parts, &c. "or it theſe being alone, viz. ,5 3: 225-4 © 2 
;645, &c. are'read thus; 5 tenths, 25 hundredparts;545..” *3 
thouſand parts, &'c, hence ics appparetit that, The aca 7 
minacor''- ---* 36h 12 LESSLLJAS B. Us WIRATTLL þ : 


7 ceoipw 

1 A CUTOTOT DX; þ © SUAGT 3 

» 5 Tr0 221 © 

y of 325 285;c: LOO." - wa? x - 


'D Ecimal Arithmertick derives irs name from- the i= 25 


x3 


%- be? 5 © 


,6454%;1:1000. : ) 5 + 2A bh 


The like denomunarors have'thoſe joyned to Whole numbers; | "2 
N Decimal FraQions{ the*value or Denomination -of _ 
every figure or Cypher decreafes by tenfold propor, 

rom the uns place : Crd the" right hand, as the whole 


numbers do jncreaſe towbrds the left hand, as in the follow=" = 
ng-Fable, x 
F 6—hut- 2 


ke ns 
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Or I, 


| 


vOf an Unite 


| 


Fg " * 
oa —Hundred Thbuſand parts, 


nn —Tens of Thouſands. 
Tenth parts. 


 —Thouſands, 
vn —Ten Thouſand parts. 


—Hundred parts. | 
+ —Thouſand parts, 


v —Hundreds, 
1 Lens. 
0 _ nnen 


uU 


-  —Hundreds of Thouſands, 


Thetefore Cyphers annexcd to a. Decimal Fradion alters 
not his value. As thus. 


: 


; 
J 
I 
? 
* 
I 
L 
? 
= 
: 
' 
| \ 


250 
$00 
9pþ090, th 
c * "Each hating equal co 5 tenths of an Integer. | 
The like to. he underſtood of all. orhers negieRing the 
cyphers as 1nfi gnificanr ; bur, 
Cyphers prefixed to a* Decimal Fragion decreaſes . its 
yalue by a.tenfold proportion : 


T: $ Tenths > .. , he 
305 ."  < Hundred *- partsof an jn- 

Ns "On 008. Ly 5s Thouſand { teger or 1, 
000g s Ten Thouſand 


Here the denominator of 
3:0; cf gi 


> of 4 4 H 
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Addition and $ ubſtration of Decimals. 


N Addition or Subſtra&ion of Decimals, (whether alone 
or joined to whole numbers) obſerve to place every fi- 
gure (as well of the Decimals as the integers) under that of 
the like value or place, that 1s tens under tens, and hun- 
dreds under hundreds, &c. Then add or ſubftra& as in 
integers of one denomination, diſtinguiſhing from the Sum 
or Remainder, ſo many figures for Decimals as are the moſt 
Decimal places in any of the given Numbers. | 


Examples.in Addition. 


Add 442 : 69,3 : 1927 :20,0 : and 34,1 inches toge- 
ther, They are chus placed for Addition, ' "* 


Taches. 


4 532 
67,3 


Tum 


Add 125,3 : 46,15 : 304595 3 120,05 7 409,26 feet 
together, | 
Feet, 
25,3 
46,I5 
324595 
I 20,06 
499326: 
Sum 1o0e,72 * 


w>. -— 
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Add together 135-5 : 59,24 5 224408 7 145,3 7:425,025 
and 29,t25 degrees. | | - 


Degrees. 
13555 | 
$9924 
224,08 | 
146,3 
425025 ; 
_ 125 s N 
.-:Sum 1019,27 : 
1 EEE Ts P 
Examples in Subſtraition, 
en T2 | a 
; From 495,75 feet, Subſtrat 358,425 feet. Thas placed, . 
| | e( 
4 | feet. $4 
| From + 49575 P 
Subſtra& 93658,425 @ 
| | Remains 127,325 " 


Subfira& 29,7 ;6 degrees, from-43,025 degrees, 


2% | digrees. 
rom 43,025 
Subſtra&t 29,7 36 7 


Remains 1 w_ 


0 ee ian SHE it A AE a 


The proof of Addition and Subſtradion of Decimals, i is 
the fame as of Addition and Subſtra&ion of whole numbers 
an vulgar Arithmerick. 


Multi 
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eMultiplication of Decimals. 


N Multiplication of Decimals (whether the 'numbers be 
Decimals alone of mixt numbers, that is Decimals an- 
nexed to whole numbers) having placed the multiplier un- 
der the Mulciplicand, proceed therewirh in every reſpeR as_ 
Multiplication of whole numbers of one denomination ; di- 
ſtinguiſhing from the produ& on the right hand thereof ſo 
many figures for Decimals, as are the number of Decimal 
places in torh the given numbers, 

In Mulciplication of Decimals alone (that is when the 
FaQors are each lefs then an unir ) the /produt thence 
ariſing is always leſs then either of them. 

Hence it ofren happens that afrer Multiplication is finiſh- 
ed, there are not ſo many figures in the {produQ, as there 
are Decimd places in both the Factors. © Then in ſuch caſes 
prefix as many cyphers on the left hand of the produ& as 
will ſupply that defe& ; and this defe& will always happen 
when either one or both of the Factors, or. given numbers 
are below the firſt place of Decimals. 


Examples in Multiplication. 


Factors F 81,3 | $80,34 
547 , 475 


$561 290170 
3252 406238 
2439 232136 


> O— 


Produt 282141 I 


278665,150 


——_—_ -— 


6,75 
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\ 6,75 225 
-925 JI 


337sS 75 
1350 ? 25 


—— 


1.6875 20325 


2047 6 | 207293 
. 9245 200453 


2330 21879 
Ig04 35465 
952 | 29172 


500115620 0003303729 


A—— — 


In theſe three laſt A there not ariſing ſo many 


figures in the produRs, as there are Decimals places in the 
two Fakors, the places wanting are ſupplyced by prefixing 
cyphers, according to the foregoing Rule, 


Note, That when a Decimal Fraction or mixt number is 
to be multiplyed by ag Unit with cyphers annexed thereto, - 
(as 10, roo, 1000, &c.) it Is but removing the comma, ſo 
many places further towards the right handvin the Mulripli- 
cand, as there are cyphers annexed to the unir. Thus if 
+7552 were to be multiplyed, by 


To 7,652" 

100 < The produ& )J76,52( The like of all 
1000 ( will be 755,2C others. 
I9000 7652 
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The Proof of Multiplication. | 


Multiplication may be proved thus, viz, Firſt make a croſs, 
chen collef rogerher all rhe ſignificant figures in each FaQtor 
after the manner of Addition, and as ofren as it ariſes rog 
or more, caſt away 9 and carry the Remainder to the -nexr 
figure, and fo proceed till all the figures are finiſhed ; ſereing 
the two laſt Remainders; one on the right, and the other on 
the left hand fide of the croſs. Multiply thoſe remainders 
rogether, and from their produc caſt away all-the 9's, and 
| place that Remainder over the croſs. Laſtly caſt away all 
the g's (afrer the ſame manner) our of the product made 
by the rwo FaQtors, and if this Remainder be equal to that 
over the croſs, the operation 1s true 3 


Example of the laſt preceding. 
FaRors 3 ,07293 
,00453 Proof. 


ox ) 
Produ& ,0003303729 d) ig. To 


Diviſion of Decimals, 


N Diviſion of Decimals (whether they be Decimals alone, 
or mixt numbers) having placed the dividend and divi- 
for, according to that manner of divifion which you moſt 
affe& in vulgar Arithmetick, The operation 15 1n every re- 
ſpe&ghe ſame as in whole numbers, diſtinguiſhing from the 
quotEnrt rowards the right hand, ſo many figures for Dect- 
mals, as that rhe number of Decimal places in the diviſor . 
and quotient, may be equal to choſe in the dividend. . Cr | 
(if you pteaſe) make this Rule equivalent and agreeing with 
the former, in diſtinguiſhing the true value of the gr" 
Ut. F 8 
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Obſerve under whart place of the dividend the unites place 
In the diviſor will be found. And of the ſame place or de- 
nomination is the firſt-figure in the quotient, whecher whole 
number or Decimal ; - 

Here note that jf neither the dividend nor diviſor con- 
fiſts of any Decimals, ver if there be a Remainder after the 
diviſion is-finiſhed, ir-is neceflary tro continue the work by 
annexing cyphers to the dividend, till you have as many 
places of Decimal in the quotient as you defire, or as the 
accuracy of your caſe requires: and 1n this Caſe how many 
cyphers as 1s annexed tro the dividend, ſo many Decimal 
places there will he in the quotienr. | 

Alſoif the diviſor is greater or if it conſiſt of more Deci- 
mal places then the dividend, annex ro the dividend a com- 
petent' number of cyphers inſtead of Decimais to the end 
that you may have as many Decimals in the quotient as may 
be accurate enough for your purpoſe, regard had-to the for. 
mer Rules, for right valuing of the quotient. 

To thoſe that are unacquainted with diviſion, I ſhall re- 
commend the methed following as the moſt commodious, 
wwards which, (becauſe diviſion 1s more difficule then any 
of the former ſpecies) TI ſhall give ſuch direQtions as (I pre- 
ſume ) may render the work intelligible to any reaſonable 
CaPAciry, | | 


Examples in Diviſion, 


Let it be required, To divide 936,534 by 32,5. Firſt, 
place the divitor 32.5 on the lefr hand of the d:vidend 
735,534 thus 


32:5) 736,534 (2 


yo 


25 » 


Then ſee unto whar figure in the dividend, the laſt figure 
{5) of the diviſor will extend, (if it were orderly placed 
under the ſame) which here is 5, over which place a poinr. 

| Tt:ar 


ace 


ole 


it, 
nd 


ire 
ed 
nc. 
at 
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That done fee hbw often the diviſor {32,5 15 contained 1n 
(535) re three firſt figures of the dividead, that is how 
often 3in 5; the anſwer is 2 which place 1n the quotient, 
and-chereby multiply rhe diviſor in your mind, ſubſtraging' 
the multiple of every figure orderly our of che dividend be- 
gfnning at 6, thus 2 times 5 15 10, o from 5 there remains 6, 
chen 2 times 2 is 4, and 1 I carry is 5, $5 from 3 Icatinor, 
bur borrowing 1 from 4 (the next figure) makes the 3, 133 
then 5 from 13 there remains 8, again 2 times 3156 and 1 [ 
carry is 9, then 9 from 5 there reſts nothing: now to this 
remainder (85) I bring down the next figure in the divi- 
dend which is 5, and place ir on the right hand thereof for 
a new dividual and the work will ſtand thus, | 


32,5) 736,534 (2 


$— — - —— 


855g 


Then proceed in the «work, and ſee how ofren the diviſor 
(32,5) is contained in this new dividual (855) as before. 


I find 2 times, which phace in the quorient and mulc1p!y che 

diviſor thereby, and ſubſtrat rhe produS orderly as you go 

from the dividual as before, and ſubſcribe the remainder ; to 

which bring down the next figure 3 in the dividend, and fo 

conrinue the work rill all the figures 10 the dividend be fini- 

ſhred; placing poirts oves every 

fizure thereof as ir js brought ESL 

do*n to prevent miſtake; 32,5) -735-534 (22,5525 

which done if there be any re- 86% 

mainder you may continue the 

diviſion, by annexing cyphers rh I 

thereto, til] you have as many 2034 

Decimals in the quotient as 840 

may anſwer your intended ac- 

curacy, In this Caſe thereis a ; 

Remainder and the work be- - Remain 275 

ing continued by annexing two 

cyphers, there will (according to the foregoing Rules Jhe four 

places of Decimals in the quotienr,then the work ſtands thus, 
Mort 


1,00 
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More Examples in Diviſion. 
. Let it be required to divide 580,34 by 47,3. In this 
Example the work is continued, by annexing 3 cyphers ro 
the Remainder,thereby there ariſing four places of Decimal: 


in the quotient, Oc 
47,5) 580,34 ( 12,2175 


1053 


1034 
840 


ee Br en 


3650 


3250 


400 Remain. 


Let be required to divide 32, by 51,2. Here the divi- 
ſor is greater then the dividend bur by annexing four 
cyphers to perform the divifion, There will (according to 
the former Rules) ariſe three Decimal places in the quotienr, 
and therefore all the figures thereof are Decimals. 


51,2) 32,00 (,525 


1280 
en ee ey 
2560 
EE eroommmemnm nn nr ernment. 
OO 


If (in this Example) the diviſor had been all integers 
(viz. 512)the quotient would have been ,0625 and if 5120, 
the quorient would have been ,00525 which for better i!lu- 


ftrarion Iſhall add two more Examples. 
Divide 
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Divide ,07854, by 25; 
his | 
ro « © | 
als 25) ,07864 (,00314 


Divide ,oo1 26520 by ,0475. 
20476) ,00116520 (,0245 


2142 
2330 


OO 


Note, That when any number (either Decimal or mixt) is 
given to be divided by an unit with cyphers annexed thereto 
(as 10, 100, 1000, &«c.) it is only removing the comma 
In the dividend. So many places farther towards the lefr 
hand, as there are cyphers annexed ro the unit, prefixing 
cyphers to the dividend, to ſupply the vacant places (if 
need be.) Thus if 7562 were to be divided 


==, = VF 


| {@) 756,2 
I00 75,62 

By < 1000 YThe quotientisS 9,552 > The like of 
10000 57552 all others. 
100000 J._ 107562 


The 
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The Proof of Diviſion. 


Ivifion may alſo be proved by collefing together all 
the HGgnificant figures of the dividend, caſting away 
all rhe-g's as often as it ariſes thereto, (as has been already 
ſhown in Mulciplication) and place the laſt remainder over 
the croſs, likewiſe caſt away all the g's out of the diviſor and 
quorient, ſetting the laſt remainder of each, one on the left 
and the orher on the right hand fide of the eroſs, Then 
mulriply thoſe two remainders together, adding to their 
produ& the remainder afrer diviſion is ended (if there were 
any) and from that ſum caſt away all the g's, and if this 
Jaft remainder be equal to that over the croſs, the operation 
1s true, 


Example of the ſecond preceeding,wherein 


The dividend is 580,34 
Diviſor - 47:5 
Quorient © 12,1275 


Remainder 


But the moſt certain procf of Diviſion is by Multiplicati- 
on, and hkewiſfe of multiplication by diviſion : For in mul- 
tiplication the produ@ being divided by either of the Fa- 
Rors, the quoriear 1s the other, | 

Alſo in Diviſion, the diviſor and quotient multiplied ro- 
gether adding therero the remainder after diviſion (if any 
be_) gives the dividend: The laft example bur one in mal- 
tiplication is the laſt in divifion, and ſcrves to verific theſe 
two Jaſt Rulez. Alſo Diviſion may be proved by Diviſion, 
for if che dividend be divided by the quotient 18 will quote 
the firſt diviſor, 

Exam- 
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Example, 


' 225) ,03*s (13 13) 20325 (25 


75 65 
oO O 


The like alſo holds good in multiplicationyff firſt one of 
the FaRors be made the mvulriplier, and then the other. 


Example. 


6s 
20 


20325 


Kedudion of Decimals, 


10 Reduce a Vulgar Fraftion into a Decimal equivalent 
thereto, 
This Proportion holds. As the denominator of. any -Vul- 
. gar Fraction, Is to his numerator. $0 is 1,00, &c. the deno- 
minator of the Decimal Fraction, To his correſponding nu» 
merator required. ' And the Converſe hereof ſerves to Re- 
duce Decimals into Vulgar Fractions. 

Hence ir is,that if tothe numerator of any Vulgar Fraction 
you annex as many cyphers as you mend, its equivalent 
Decimal ſhall conſiſt of places, and divide ic by 1ts denomi- 
nator the quotient 15 the Decimal required, which if nothing 

re- 
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remain 15 preciſely equal in value to tiie Vuigar Fraftion pro- 
propoſed. But if there he a remainder after diviſion you 
may (if you pleaſe) make a nearer approzch by annexing 
more cyphers and contiyuing the work, ſo will the Decimal 
be infinitely near <qual co the Vulgar Fraction given : Re- 
gard had to the former Rules in diviſion, for right valuing of 
Cor diſtinguifhingihe Decimals in) tiic quorient, 


Note,That the al:quot or even parts of »1 integer may be re- 
duced intoDecimals,exattly equa] ticrero withoura Remain- 
der: Bur the odd parts of an itit-ger cannor, for there will 
always be a Remainder. How-ver if you carry on the Fra- 
&ion ro four or five places of Decimals, it will be exa& 
enough in moſt Caſes, 


Examples. 
Reduce 5. into its equivalent Decimal, and it is ,7 $ thus, 


4) 3z0 (575 


20 


+ being Reduced is ,2s thus, 4) 1,0 (25 


20- 


4 Regured is ,125thus 8) 1,5 (412; 


20 


4©O 
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+ Being Reduced makes ,4444 &c. nearly equal to 2, 
9) 40 (4444 &c. ad infinitun. 


Reduce 5-2 into a decimal and it is ,8182 fere thus, 


11) 9,0 (,8182 


Reduce ; 1. into a Decimal and 1 It is ,o11689, and may 
be continued further. 


941) 1in,oo (,011589 


I 590 


M———_— 


6450 


8440 


' 912 


Aiſo +23 being Reduced is ,004076 &c. 


And likewiſe ;;474 being Reduced is ,000216, fere. .. 
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Ta Reduce the known parts of an Interger (a5 Mo- 
ney, Weight, Meaſure, Fame, Motion, G&c.) 


into Decitmals. 


irt, Reduce the given parts j1t5 2 Vuloar Fraction whoſe 

denominator is the nvinber of thoſe known parts Con- 
tained in the 1 mceger, an4 rhe piven parrs is rhe numerator 
thereot;, bur if rne given parts be in ſeveral denominations, 
Reduce them into rhe leaft mentionzd for the numerator, 
whoſe correſponding denominator, is the number of the 
ſome known parrs, continued 16 t/'e in reper, which done 
Reduce {nh Vulgar. Fradtions into Decimals, by preceeding 
Rules, continuing the work ro what accuracy you pleaſe, for 
the further you proceed the nearer 15 the approach, 


Examples. 

Reduce $ inches 1n Decimals of a foot, Firſt according 
+ the laſt preceeding Rule, 5 inches being expreſlt after the 
mananer-of a Vulgar radon. 1s 5 of a foot, and the Deci- 
mal correſponding by Redudion is 4155, &c, or ,41657 


fere. Thus, | 
t2); 8p (4165, &c. 


20 


o 


Reduce 7 inches 3 into. the Decimaliof:afoor. 


2 
IE; 
& 


7: Reduce into quarters of an Inch is 31 © 
31 
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I2 


48 quarters, of an inch ? 


Z 
! Vulgar FraQtion is 3: of. a foor, hrt94 Re- 
Decimal, ,64583, &c. 
$ d. into the decimal of a pound Ferling. 
I 1—-6 20 
12 I2 

ntod. is 138 pence,and 1 |.reduc. is 240d. 
ulgar FraCtion is 135 or 53 of 11. whoſe 
al 15 ,575- 

en a Vulgar Fraction is propoſed to be Re- 
timal, firſt abreviare or reduce the Vulgar 
eaſt rerms, by dividing both the numerator 

thereof, by any number that will evenly 

:.35 both the numerator and denominator 

6, gives 42. 

teduced into a decimal of 1 1. frling, the . 
is 327 or +;2 (being divided by 3,)Jand 
imalis ,028125. 

ter 21 {. into Decimals of a C. weight, 1 qu. 
to pounds is 49, and the pounds in 1 C. is 

Fraction is 42 or £ of a C.weight, (be- 
whoſe equivalent decimal 1s ,437 5. 


' 4 ounces into the decimal of a C. weight: - * 

! I12 Hence the vulgar 

16 Fraction 1s +254, 

. _ _ and the decimal 

INCES » - 175 2cuncescorreſponding 1s 
14573, Oc. 


nutes into decimals of a degree, the vulgar 
id irs equiyalent decimal is ,7, 


inutes into the decimals of a'degree the 
$ 23 which —_ this decimal 3833, _ * 
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Ta Reduce the known parts of an Inter, 
ney, Weight, Meaſure, Time, N 


into Decimals. 


irft, R:duce the given parts j1t9 a Vu'gar 

denominator is the number of thoſe kn 
tained in the jnreger, andq rhe piven parrs is 
rhercot;, bur if rhe given pare be in ſeveral 
Reduce them into rhe leaft mentioned for t 
whoſe correſponding denominator, 15 the ' 
fame known parts, continued 1h t/'e inrepe 
Reduce th Vulgar Fradtions info Decimals, 
Rules, continuing the work ro what accuracy 
the further you proceed the nearer 15 the apy 


Examples. 
Reduce 5 inches 1n Decimals of a foot, | 
+ the laſt preceeding Rule, 5 inches being ec: 
manner.of a Vulgar Fraction. is --5. of a foor: 
wal correſponding by Redution is 4155, Q 


jers, Thus, | 
2) ; 5p (4165, &e. 


_ 


Reduce 95 inches +5 into the Decimal'of:a1 


7 Reduce into quarters of an Inch is 31 


Decimal Arithmefick, 81 
I2 


and 12 inches is 48 quarters, of an inch ; 


Z 
Therefore the Vulgar Fration is 3+ of a foot, Shieh Re- 
duced gives this Decimal, ,64583, &c. 
Reduce 11 5s, 6 d. into the decimal of a pound Ferling. 
I 1—-6 20 
12 I2 


C—— 


— - 
— 


115.6d. reduc. intod. is 138 pence.,and 1 |.reduc. is 240 d. 
therefore the Vulgar Frattion is £33 or 23. of 11. whoſe 
equivalent decimal 1s ,57 5. 

Note, Thar when a Vulgar FraQion is propoſed to be Re- 
duced into a Decimal, firſt abreviate or reduce the Vulgar 
Fradion into its leaſt rerms, by dividing both the numerator 
and denominator thereof, by any number that will evenly 
divide them ; as £3 both the numerator and denominaror 


being divided by 6, gives 423. 
If 64. } be Reduced into a decimal of 1 1. /erling, the . 


Vulgar Fra&ion is ;27 or +;2 (being divided by 3,)and. 
its equivalent decimal is ,028125. 

Reduce 1 quarter 21 {. into Decimals of a C. weight, 1 qu. 
21 1. Reduced into pounds is 49, and the pounds in 1 C. is 
112, the Vulgar Fraction is 542 or £ of a C.weight, (be- 


_ 


ing divided by) whoſe equivalent decimal 1s ,437 5. 


Reduce 16 /. 7 ounces into the decimal of a C. weight: 

multiply 16 7 112 Hence the vulgar 

by 16 16 Fraction 1s +252, 

L ap— and the decimal 

produd is 263 0unces » - 176 2cancescorreſponding is 

: 14573, Oc 

Reduce 42 minutes into decimals of a degree, the vulgar 

fration is £2 and irs equiyalent decimal is ,7. 


Reduce 23 minutes into the decimals of a degree the 
fyulgar fraRion is 23 which _ this decimal 3833, ag ® 
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The like is to be underſtood in Reducing the known part; 
of any other integer intro Decimals, (as the Yard, Pole, j. 
quid or dry meaſure, and ſuch like) whereby Tables may he 
calculated ro Reduce the common known parts of any Inte. 
ger into decima!s, and the contrary by inſpe&tion, as 
are in divers Authors bur here (for brevity ſake) omit. 
red, ſave only a Table ſerving to convert Sexaginary 
FraQtions or minutes into decimals'; and the contrary whoſe 
uſe being ſo eafie thac both explanation, and more examples 
are ncedlcſs ; which Table becauſe ir 1s ſubſervient ro the 
preceding Treatiſe of Arithmerical Trigonometry, is or- 
dered thar it may lye open to view at the reading any part 
thereof. | 


To Reduce a Decimal Frattion into the Common 
known parts of an Integer : Otherwiſe called 
Valudtion of Decimals. 


The Rule is, 


A A Ulrivly the given Decimal (according to the preceed- 
L ing Rules for Multiplication )by the number of known 
parts of che nexr lower denominarion contained in the in- 
reger, unto which the given decimal hath relation, the pro- 
duft is the value of the ſaid decimal in the ſame denominati- 
on, and the (eparared decimals (if any be) are decimals of 
an Integer of the.like denomination with the mulriplicator, 
the value whereof may (in like manner) be found in known 
parts of the next infertour denomination, and ſo proceeding 
to the leaſt known parts of an integer, the whole numbers 
in the reſpe&ive produds ſhes the value of rhe decimal pro- 
poied in the ſeveral known parts of that integer, whereof 
the given Decimal is ſome part or parts, as in the follow- 
ing k 

E x4th* 
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E xamples, 


Reduce ,41657 of a Foot into inches 41657 
I2 


| According tothe preceding Rule mul- inch. s| ,00004 
tiply by 1 2(the inches n afoor)and 
the Anſwer 15 $ inches. 


How many inches and quarters of an »64583 
Inch is ,54583 of a Foot « The Anſwer I2 
is 7 inches and 2,999 quarters, dr 9 in- ———_ 
ches 3 quarters, inch. 7| ,74996 

4 


I mrnmrnnmm—n—_— money 


Fi quart. 2] ,99934 


/ 


Reduce ,57 $ of a poung Sterling into 2575 
Shillings and Pence ; TheAnſwer 1s 11 5. 20 


C——— 


; ſbi. 1x] ,g00 
I2 


—_—_—— 


pence 6| ,000 


Whar is the value of ,877083 /. in 


Shillings, pence and farthings, &c. 
877083 
20 


——_ f_—— — 


The Anſwer is 17 $. 6 d. 1 qu. ,999 Shill. 19] ,541660 
or 17 5, 6d, I fere. I2 


——_——— 


Pence 6| ,499920 
4 


Farth, 1| ,999680 
Whats . 
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Whats the value of ,028125 l. flerling? _ 
| Shull. ,562500 
Anſwer 6d. I2 


Pence 6| ,750000 | 
4 


farth. 3] wo 


Reduce ,4375 of a C. weight intd 24375 
quarters and pounds. 4 


quart, 1| ,7 500 
28 


Anſwer 1 quart. 21 /. 


60000 
I $000 


— 


l. 21| ,0000 


How many quarters, pounds and ounces 2146763 
is ,146763 ofa C. weight. 4 


_ 


quart. ,3870 52 


4696416 
Anſwer 144. 6 oun. ,9099296 Or 1174104 
16 l. 7 0un, prope. 


bours 16| 4437455 
16 


How 


' [A Table to Convert Min and Sec.) 
- into Decimalls and the contrary. 


Decim. Min. 5 Decim. 


”5 £ 0's 
»$1.67 
553+33 


LOI 
=. 1H 
- 


O Oo ww Ounhw 0 


Place this after the ReduGtion of Decimalls pag, 85. to lye open without the Book. 


Face this aiter the Reduction of Decimalls pag, 85. tolye open without the Book. 
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How many minntes is, 7 of a degree, 


Anſwer 42 minutes. 


Reduce ,3833 of a degree into minutes, 


' Anſwer 22,998 or 23 min, prope, 22,9980 


A Compendious way to Diſcover the value of any 
Decimal Frattion of a pound ſterling, VIZ, 


Alf the number of Shillings being Tenths of a pound. 
Therefore the figure in the firſt place (viz. the place 
of Tens) being doubled gives the number of Shillings, unto 
which if the figure in the ſecond place be 5 or above, add 
I ſhilling, then the figure in the ſecond place if leſs rhen 5, 
or its exceſs if greater being eſteemed as ſo many Tens, and 
the figure in the third place as ſo many units, and both ac- 
counted one intire number which leflened by 1 gives the 
number of farthings which rogerher with rhe Shillings be- 
ſore found, are the value of the Decimal propoſed, and the 
remaining figures (if any be) are rhe Decimals of a farthing, 
As in the preceding Example of Reducing ,$7 5 of a pound - 
ſterling into ſhillings and pence. Thus two times 5 1s 105. 
unto which add 1 s. (becauſe the next figure 5 exceeds 5 by 
2,) and it makes 11 thillings, then there remains 25, which 
lets by 1 is 24 the farthings, and 24 farthings 1s 6 pence : 
ſo that the value1s 11 5s. 6 d. as before found ; The 
like is to be underſtood of any ocher Decimal of a pound. 


From what hath been premiſed of Reducing of vulgar 
Fractions irto Decimals, afrer rhe ſame manner when any 


number 1s given to be Op another (whether the gjv- 
3 | en 
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en Diviſor be a whole number or vulgar FraQtion. } You 
may find a Decimal multiplicator which ſhall effe& the ſame 
as the Diviſor given ; 


To find which this Proportion holds, wiz. 


As the Diviſorgiven : Is to x : : Sois 1 : To the multi- 
plicator required, thus if the diviſor is greater then an unit 
the multiplicator 1s leſs, in the like Geometrical progreſſion 
and the contrary, As if the diviſor were 2 then (according 
ro the preceding proportion) the multiplicator 1s - or ,5 
(irs equivalent Decimal) ir being the ſame to multiply any 


number by 2 as to divide it by 2 : And hence it follows that I for 
' Tis always a\Geometrical mean berween the diviſor and the F wt 
mulciplicator. | ant 
Fir} Example, The Diviſor being a whole Number. - 
| Suppoſe it were required to divide goo by 25; the quo- pr 
tient will be 36, Now to find the multplicator, ſay _ 6 
AS 25:1: : I : +: the multiplicator required, It be- fra 
ing theſame to multiply by ,; as to divide by 25, and 04 ce 
the Decimal of .2 is the Decimal- multiplicator ſought. Fs 
thus 990 
multiplied by ,04 
the produRt is 35,00 which was required, . 
| 
be 
Second Exarple, The Diviſor being a vulgar Fraftion. " 
Suppoſe it were required to divide 345 by +{ (according 
ro diviſion in vulgar Fractions) multiply the dividend 345 
by 8 and divide that produ& (29560) by 5 the reſulr1s 552 
the quotient required : or 345 divided by 4525 the decimal 
of 5 quotes $52, but to find rhe multiplicator it holds. - 45 
431 7 5; 1 : + the multjplicator required, and there - 4 


fore 
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fore it.is the ſame to multiply by + as to divide by 5, and 
1,6 the equivatent mixt decimal of -; is the decimal multt- 
plicaror ſought. Or having the decimal diviſor ,525 fay : 
As ,625%;: 1::1: 1,6 the multiplicator as before. 


Therefore 348 
multiplied by 1,6 


produces 552,0 which was required, 


Hence it 1s evident that the reſult of the preceding Rule 
for finding multiplicators is, That if the given diviſor be a 
whole number, make ir a denominator of a vulgar fraction 
and x the numerator thereof, which vulgar fraction, ſhgll 
be a mulciplicator (agreeable to the preceding proportieh 
whoſe equivalent Decimal fhall be a decimal mulriplicator, 
and effe& the ſame as the diviſor givenz / ; 

Bur if the given diviſor be a vulgar Fraftion (whether 
proper or improper). change the numerator and denomina- 
tor into each others place, ſo ſhall there ariſe another vulgar 
fraction for a multiplicator ( correſpondent with the pre- _ 
ceding Analogy) whoſe equivolent decimal ſhall be the De- 
cimal multiplicator required. 


More Examples: 


Let it be required to divide 1337s by 125, the quotient 
15,107, the multiplicator in terms of a vulgar Fraction, will 
be +4 and the equivalent decimal of 4 is ,208 the De- 
cimal mulriplicator required, 


thus 13375 
multiplied by .008 


the produ& is 109,000 as before. 


. Alſo 86235 divided by 123 quotes 901,09. Therefore 
multiply 25235 by ,00113 (the decimal of -.;) the pro- 
duc js 701,09, &c. G 4 And 
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And ſuppoſe it were required to 
divide 18562 by +, The quoti- _+) 18562 
ent is *©5** or 58318,75 ſee the 25 
work after the manner of vulgar i—————c— 
FreQions, 93310 

37324 


8) 455550(58318,75 


232) 18662 (5831875 


Or, If 18562 be divided by ,32 
( the equivalent decimal of +) 
" quotient is 58318,75 as be- 


But to find the decimal multiplicator, 


Place the numerator and denominator interchangeably, 
the vulgar Fraction thence reſulting is ?4 whoſe equivalenc 
decimals 3,125. The mixt decimal mulriplicator required. 


multiplicand 18662 
mulriplier 3,125 


m—yy 


93310 
$7324 
18662 


55986 


The produ@ is 52318,7 50 equal the quotient he- 
(fore found. 


if 


75 
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If the diviſor given be a mixt Number Reduce itinto an 
improper ſra&ion, as If 6984 were to be divided by 1; the 
diviſor Heing Reduced into an improper fraction 15 + and the 
pn thereby 1s *2*52 or $238 : alſo 1,3333 &.(the 
decimal of 5) is the mixr decimal diviſor likewiſe the Nu- 
merator and denominator interchangeably placed the fra&ion 
ſulting is 4 the equivalent decimal whereof is ,75 the De- 
cimal multiplicator which was required. 


mulriplicand 6984 
mulriplicator 75 


34920 
48888 


The produ& is $238,00 equal the quatient before 
(found. 
What hath been already ſaid concerning finding multipli- 
cators inſtead of diviſors, Holds . good likewiſe in all ſuch 
caſes wherein there are two given numbers or terms expyeſ- 
ſing a fixt reaſon or proportion between any two quantities 
or magnitudes, 


proportion is underſtood the habitude or relation of 


two.numbers (or quantities of the ſame kind) one tothe + 
other, and is found by dividing the antecedent or firſt rerm' ' 
by the conſequent or ſecond term, and therefore they are 
Expreſt in form of a fraction ; As if the proportion 'be of 
5s to 7; Set thus 5: ifof 7 to 5 thus #3 c 
The ſum of what is here intended 153 When there 1s two 
given terms expreſſing the proportion that ſome known 
Number hath to another unknown or required : place the 
two terms of proportion fra&ional wiſe making the Antece- 
dent the Numerator, and Conſequent the denominator, that 
vulgar' fration may be accounted as a diviſor. But if the 


two terms be interchangeably placed, thar is the conſequent 


for the numerator, and che anrecedenr for the denomina- 
tor, that vulgar fraftion ſerves as a mulriplicator, and their 
rouſpe&ive Decimals, ſhall be a. decimal Fa&or and Diviſor, 
which by either a ſingle multiplication or diviſion ſhall _ 

CC» e 


. 


—_— 
_— 
___— =_ 


—————— 
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the ſame; as by multiplication and diviſion of the two given 


terms. | 
Firſt Example 
The proportion of the diamerer of a Circle to its circum- 
ference is, AS 113 to 355, or 4:4 and the contrary, the 
circumference to 1ts diameter is, As 35s to 113: or 454, 
Therefore having the diamerer to find the circumference, 
- $3183 (the decimal of 4+) is a fixt diviſor, and 3,1415 
(the decimal of 4:5) a fixc mulriplicator : But if the cir- 
cumference is known and the diameter required 3 then 1s 
3,1416 a fixt diviſor, and ,3183 a fixt FaQtor ; alſo 3,1416 
1s the circumference of a circle whoſe Diameter is 1, and 
3183 the diamcrer of a circle whoſe circurpference 1s 1. Thus 
if the diamerer of a circie be 28,25, the circumference will 
be found to be 88,75, &c, 


——_— 


—_—— 


3,1416 -3183) 28,250 (88,75 &c, 
28,25 —— 
7 27860 
157030 
. 62832 23960 

251328 — 
62832 | 15790 £ 
88,7 $0200 | 875, ©. 


Likewiſe of the circumference of a circle be given 88,75 
_thedizmeter (in like manner) will be found to be 28,25 3 


88,75 3,1416) 88,950 (28,25 
3183 — 
——— 259180 

25625 7 _— 

L000 75520 

8875 
26625 yl 18598 

pn — yp 
285249125 
Ex- 


ven 
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Example Second, 


The ſquare of the diameter of a Circle is in proportion to 
the Area (of content) thereof, As 1415to 11 : or 45, and 
contrarily the Area 1s to the ſquare of the diameter, As 
11to 140r £*, Therefore having the diameter to find the 


| Area by this proportion;The FaQor is ,9857 (chedecimal of 


1) and the diviſor is 1.2927, ( the decimal of 14), by 
which the ſquare of the diameter being multiplyed or di- 
vided, there will reſult the Area ; bur if the Area is given to 
find the diameter by this proportion, then is 1,2527 the 
FaRor, and ,78s7 the diviſor, whereby multiplying or di- 
viding the Area will give the {quare of the diameter. 

Note, thar tho the proportion of 11 to 14 or 14 to 11 be 
uſed by divers Authors,inthe two propoſitions aforeſaid, yet 
they are not accounted exat enough where a queſtion re- 
quires preciſeneſs, So that inſtead of ,78 57 uſe ,7854, which 
is the Area of a circle whoſe djamerer is 1 and inſtead of 
1,2729 uſe 1,2732 (found by dividing an unit with cyphers 
by 57854) which 1s alſo the ſquare of rhe diameter ot acir- 
clc, whoſe Area 1 3 Thus the diameter of a circle being 
28,25 the Area or ſuperficial content will be 626,753 3 


fere, 


The ſquare of the diameter 768,0625 
multiplied by 17854 
31922500 
39903125 
638345000 
55864375 


AT = — GO ——— 


The Area is 626,79828750 required, 
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Or by dirfding 793,0625, the ſquare of the diameter by 
' 1,27324-the fixt diviſor ; 


t 1,27324) 758,0625 (626,797 fere the Area, 


- I  —— —— 


341185 


———_—_— 


865370 


11014250 
— 


1229920 


840040 


In like manner the Area being given 626,998, &c. The 
ſquare of the diameter will be found 998,0625, by dividing 
the Area by ,7854- Or which js the fame, by multiplying 
the Area by 1,27324 : and the ſquare Root of 798,0525 15 
28,25 (how to extra thie ſquare Root ſhall be hereafter 
ſhewed. ) | | 


Example Third, 


The Cube of the diameter of a Globe or Sphere isin pro- 
portion to the ſoliiry (or (ſolid content thereof) As 21 is 
tOIle Or}, 

Therefore knowing the diameter, ro find the ſolidity 
thereof according to this fixt Proportion. 

The 5 FaRoris ,$238 the decimal ariſing from '-. 
fixe @ Diviſor 1s 1,9091 the decimal ariſing from 22. 

Whereby mulriply or divide the cube of the given diame- 
ter, and the quorient or produ& will give the ſolid content 
of the Globe or Sphere required, 

Bur if the Solidity be given,to find the Diameter, then the 
proportion holds, As 11 to 21, fois the given Solidiry uh 

. the 


Þ- 
X 


I 


} 


l 


} 


4 


2 take 1,909855 
4 Solidity 1s \ fonnd by dividing an Unic with Cyphers by 
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7 the Globe, to the Cube of its Diameter. So in this Caſe, 
3 ,5238 is a fixr Diviſor and 1,50g1 1s a fixt FaQor, by 


which Multiplying or Dividing che given Sohdity, the re- 


I ſulc is the Cube of che Spheres Diameter required, bur theſe 


Numbers, viz, 11 to 14 Or 14 to 11 being not admitred 


3 as fe ogng euough, therefore che FaRor and Diviſor thence 
reſu 


Iring, 1s not to be accepted, where great exaQnels is re- 
quired ; ſ@ that inſtead of ,5238. uſe ,5236. (the Solidiry 
of a Globe whoſe Diameter 1s 1) and inſtead of 1,9091, 
,(the Cube of the Diameter of a Globe whoſe 


$236 : thus the Diameter of a Globe being 14, the Solid 


2 content will be found to be 1436,76, &c. 
4 The Cube of 14 the Diam, is 


2744 


Multiplied by 23236 


1646 4 
8232 
5488 
13720 


6,7584 


The Solidity is I 


| = 430; 
Or dividing 2744 the Cube of the Diameter by 1,9098g 5 


the fixed Diviſor. 
1,909855) 2744,000 (1436,7584 fere the Solidity. 


8341450 


7020300 
| p— 


12907350 


ms 


14432200 
III32150 
153828750 


549910 


Likewiſe 
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Likewiſe had the Solidity of the Globe been propoſed to 
be 1436,7 584. the Cube of jrs Diamerer will be found to 
be 29 44 by &1viding the ſolid content by 45235, or mul- 


tiplying by 1,9098 55. 


More Examples of this nature might be ettumerated, but 
becauſe theſe rhings more properly relate to Geometry than 
Arithmerick, I ſhall refer the Reader to ſuch "Authors as 
treat of Menſuration and ' Gauging, and let theſe ſuffice to 
ſhew the advantage of Decimal Arichmetick in finding Mul- 
tiplicators and Diviſors , ſo ſhall proceed further to illuſtrate, 
the urility of Decimal Arithmerick in Rules of Plural pro- 
portion,viz ſuch wherein the Rule of Three is ſeverat times re» 


peared. And firſt of 


The Golden Rule or Rule of Three, 


He Rale of Three in Decimals may be performed in eve- 

ry reſpe&, as in whole Numbers, of which its preſup- 

| Poſed the Reader hath competent knowledpe, or at leaſt he 
ought to have before he enter upon Decimal Arichmetick. 


Note, That when any of the three given terns in the 
queſtion propoſed, conſiſts of FraRQional parts, or have 
* Fractions joyned thereto, reduce ſuch Fraftions or FraQio- 

| nal parts into Decimals, and then proceed ro Operation, 


Example. 


Eo : ts $. a. Co 
If 13 coſt 2 16 03. what will 14* coſt ? 


The Fractional parts being turn'd into Decimals, and the 
Queſtion ſtared, ſtands rhus, : 
R | I 
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C. ? A 
If 1,75 : 2,8125 
145 


I40525g 
I12500 
28125 


O————_— 


Y © 0 © * # [. | 
I,7s ) 40,78125 (23,3036 fere 

$78 20 

$31 ſhill, 6,0720 | 
12 

625 ”—— 
pen.,86 40 
190 4 


farth. 3.3 $60 


Here multiplying the ſecond and third Numbers together, 
and dividing that produ& by the firſt, afrer the manner of 
vulgar Arithmetick, The quotient 1s the anſwer, viz. 


l. hb % < E 
23,3036 Or 23 06 00; and fo much will 14+ colt. 


Alſo in the Operation of the Rule of Three in Decimals,you 
may divide the ſecond Number by the firſt, and mulriply 
the quotient by the. third, and the produt thereof anſwers 
the queſtion ; or (which will give the ſame reſalc.) Divide 
thethird number by the firſt and multiply the quotient, by 
the ſecond, and by one of theſe two varieties, you may in 
ſome caſes abreviate the work more than- by the common 
way : Thus the preceding queſtion wrought accordingly. . 


1:75) 
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Firſt, By dividing the third number by the firſt, ec. 
Gs. l. C. 
I,9s * 2,8125: 5 I45 


1,75) 145,0 (8,28571 
2,8125 


4142855 
1657142 
828571 
6628558 
1657142 
23,303559375 |. The produ& 
| (the anſw.as before, 


- 2dly. By dividing the ſecond number by the firſt, e>;, 


1,7s) 281256 (1,607143 
REINEs 1445 


1062 , 
DEPRTs ag 8035715 
| Ho 6:428 572 
1607143 


233935735 b 


Thus may any queſtion in the Rule of Three be performed 
ſeveral ways, the praice whereof I leave to the Ingenious 
Reader, only add one more Example. . 


0% WIE WT l. 
If 4 of Gold be worth 13 14 06s whatare 5s 9 
worth, the Fractional parts being turr'd into Decimals, (the 
po nd _ being the integer) and the queſtion 2_x” 
$ TNus, 
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Ec, FA l. 
If 4333333 * 133725 :3: $9755 
$75 


— 


68625 


96075 
68625 


nan ———_—_—_ 


. 3 & 
:333333) 7891875 (23,7564 


20 


1225215 — 
————— ſhill, 15,1280 
22521650 19”. 
yg YR 
2521620 d. 1,5360 
4 


—_—_— 


Anſwer 51. 9 oun. of 18832890 
Gold will coſt 235 1, —— ——— Jarth. 2,144 
165. 1; d, 152250 


LD — 


162252 


Note, That inſtead of dividing by 78,91875 
:333 &c, (the decimal of ++ or +) | 3 
you may multiply by the FaQor 3, _ 

it being-the ſame (as hath been al- 236,75525 
ready ſhown) ro multiply by 2 as to Ne 
divide by 2. ; ; 

Hence its evident that by finding of a FaQtor when a Di- 
viſor is given; or a Diviſor havinga FaQor given, you may 
often abbreviate the work in the Rule of Three. 

Alſo in working the preceding queſtion according to the 
two laſt varities, (mentioned in the firſt Example) inftead 
of dividing either the ſecondor third numbers by ,3333 ©. 
you may multiply by 3 its correſponding Fattor which will 
much more facilitate the work. 


H | If 
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L. GO l. 
If ,33333 &c. (or 4} ) : 13372557: $757 
FaQor 3 


41,175 
$S>75 
205875 
288225 
205875 


U— 


The produR 15 236,7562s as before, 


Or if the ſecond Number be divided by the firſt &:, 
the work will ſtand thus ; 


2333333) 13272500 (41,175 
ci 4 5175 

391680 —— 

EI + 20587s 

533470 288225 

OT ITE 205875 

2501370 mon nr 
CITING 235,75625 
168039 C—_ 


Bccauſe I would uſe as much brevity as poſſible in order 
that other things (of . good uſe) intended for this Treatiſe 
may come in,theſe two Examples in the Rule of Three may 
ſuffice, which if well regarded, the intelligent Reader may - 
be able to perform the like by any other, 

Ir may alſo be obſerved, That theſe two laſt varieties in 
the Rule of Three , eſpecially that, where the number 

+ Which is uſually made the ſecond term, is divided by the 
firſt, ſerves as a neceſfary alluſion to eontraK the ſeveral 
redious operations in the Rules of Fellowſhip and Alligation 
alirenare, Whereln there are required ſo many ſeveral pro- 

| | BE: :; portions 
'% 


Decimal Arithmetick, 99S 
portions or ſtatings of the Rule of 3, as there are particular 
Proportional parts to be found, all whereof having the ſame 
Common fa&or & Diviſor may therefore more expeditiouſly 
be performed in decimals by the following Rule.Viz. Divide 
the common fa&or or that number which 1s uſually made the 
2d term in the Rule of Three, by that which is always made 
the firſt or common Diviſor. And mulriply that quotient ſe- 
verally into the reſpeRive third Numbers. The particular 
produdts are, the proportional parts or numbers required. 


But here it will be neceſſary if you uſe decimals (which is 
moſt convenient) to continue the Diviſion(as long as there 
is a Remainder) till you have fix places of decimals in the 
quotient, So ſhall the amount of the ſeveral parts, (in rhe 
proof of the work) not want --,.,.* part of an unit of being 


I 


equal ro the ſecond number or dividend. 


Firſt Example in Fellowſhip without Time. 


Hree Partners A B and C make a Stock of 6251. 
[ 


A put in 254 Their Gain being 2951. I De-_. 
whereof< B 172 > mandeach Mans proportionable 
C 


199) part thereof ? 
Firſt, The Reſolution hereof according to the Cuſtomary 
method 1s as follows ; 


The firſt Operation for A's part of the Gain. 


a 
by FF Tf62gh : 295 b * 8 254 be 
2564 . 
in —_ 
er I1180 
1e 1475 
al $90 
"n ———— 
G- 74930 T5; d 
ns —— H 2 625} 
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3) 14930 " (mn 9.008 is A's part of the Galn, 


1243 ha mans" 6 
 —— fhill. 15,760 
_.6180 I2 


5550 awg,n20 


4 
$500" 
ern ai Oe 


g0D 


The Second Operation for B's part of the Gain. 


625) 50740 (81,1 4 is B's part of the 
TY Gain, 


740 » »eo pa: 2eahee 
— ſhill $600 
IIS 
5250 ad. 8,160 
Woo ns 4 
2500 


 Dvclncal Arithmetic: nor - 
in, | The « Third Operation for C's » part of che 6 Gain is. | 
l, Wot $5 | 
If 625 298%: 3 19995 (2 
199. * 


—_— — 


2655 * 
2655 
295 


625) $8705 | (53,98 is C's part of the. 
—— (gain, 


003 EO 
-ſhift. 18,560 
g800 ——- I2 


Om 1 
1750 +: a. Sr4o 
_— + 


00-- 
. forth, 2,880 7 
The Pro 


A's Py Yi C1 : go dM 4 48 
B's >Gain isQ% 81,1 84 e 81—03—o08—o, 64 
C's 939284 ub has Deas 88 


Sum 295,000 Pun '295--—Q0=400—0, OO 


| — 


the 
In, 


w———O—_ 


Secondly, The Reſolution according to the new Method, 
is as follows, in which obſerve, Thar 


In-all the preceding Operations (or = of the Rule 


of "Oy 2951, UP gain) is rhe common fa 


or,and uſually. 
H 3 " made 
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made the ſecond number, and 625 (the whole Stock) is 
always rhe'fitft'or common Diviſor; ' Thetefore { according 
ro the Rule, ) Divide 295 by 625, &«, ho 


625) 2959 ©: (472 C 
— A 254 5 
400 | mmm 
— — 8 th 
1250 2350 
$44 | 
A's part is {. 119,888 
# 5472 
B 172 
Fe — 
- 944 
3304 ©: 
_ 
C's part is & 81,184 
ID m 
Ws Me Ri 
2 te 


4248 
4249 
472 


C's part is 4. 933928 


By this new method It is evident that the work is much 
more compendious then by the former : and the more the 
Partpers are, the adyancrage of this method would be ihe 
more y conſpicuous, for one fingle Diviſion (afficeth 
de the rs, (or parts to be found) never ſo many. 


AS 
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A Second Example of Fellowſhip without Time, 


I X Merchants, viz- A, B, C, D, E, and F make a 
g Joint-Scock of 1944 /. wherewith (in a certain time by 
good management) they Gained 1215 /. each mans part of 
the Srock being, as follows. 


l. CH L.- 
A laid in 248 —— 15 342,75 
B 421——12 
C 299——16 
D 4IO0— 5g 
E 
F 


342— 4 
123— 8 
Sum 1944 — 00 Sum 1944,00 


I demand each mans proportinal part of the Gain. 


The Operations being performed according to the cufto- 
mary method, requires fix proportions or ſtatings of the 
Rule of Three, becauſe there are fix partners, which being 
tedious I ſhall only expreſs the ſaid proportions and their 
anſwers omiting the work. 


| Firſt for A's Gain. 


l. t L, L. 
If 1944 : 1215 : 348,75. Anſwer 219,56875 
Or 217.19 5. 45 d. 1s A's gain. 


Secondly, For B's gain. 


l. l l. L. | 
If 1944 7 1215 : ; 421,56 Anſwer 263,5 
Or, 2634. 10%. is B's gain. 
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 . Thirdly,” For C's gain. 


L A | L. 
I21s ; © 297,8, Anſwer 186,125 
Or 1861. 25.6 4. C's Is gain, 


Fourthly, For D's gain. 
l. l. 


121g : : 410,25. Anſwer 256,40625 
Or 2561.85. 15 d.1s D's gain, 


Fifthly, For E's gain, 


l. l. l. 
I215 7 : 342,2. Anſwer 213,875 
Or 2131.17$.6 d.1SE's gain. 


Sixthly, For F's gain, 


l. l, l, L. 
If 1944 : 1215s : 123,7. Anſwer 97,125 
Or 571. 25.6 d.,15 F's gain, 


The Operations being performed according to the new 
methed, 1 21 s{(the common faRtor and ſecond number in all 
the preceding proportions) is the dividend, and 1944 (the 
firſt number) 15 the diviſor. 


1944) 1214,0 (628 : A 348,7;1. B 421,61. 
TAEN-4g6:5 625 »625 
4850 


174375 21080 
9720 65750 8432 
209250 25295 


"A's gain is l. 2197,06875 B's 253,5000 l. 
| C 297,81. 
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GC: 2nk +. _D 410,251. 
3525 3625 

-14890 | 205125 
5996 82050 ' 

197858 245150 


— -— — 


- C's gain is 186,1250 l. D's gainis 256,40625 |. 


E 342,21. F 123,41. 
625 628 


197110 4 6170 
6844 2468 , 
20532 7424 


— 


E's gain is 213,8750 l, F's gain is 97,1250 |. 


The Proof. 


[f L. / "+ 
A's gain is— 217,9687 5 219 —— 19 ——04! 
B's 2635 263——10 -— 00 
Cow I46,125 Or, 185 ——02——05 
D's 256,40625{ thus Y255-——08 ——015 
E's 273,875 21 3——179—06 
F's — 177,125 17] —=—— 02 -—— 06 


em m—— — 


Sum 1215,00000 SUM 1215 — 00-—00 


R. ————_ — ———_ 


d 
Theſe two Examples in the Rule of Fellowſhip withour 
time. (I preſume) are ſufficient as well to Huſtrate this 
ſpeedy merhod in Decimals, as alſo,” (if well obſerved.) The 
Reader may be thereby capable to Reſolve any other of this 
nature by the ſame new method, as in the cafe of Bankraprs 
compounding with their Creditors and the like, 


I'S 
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The Third Example is in the Rule of Fellowſhip with 
Time. - 


Hree Merchants A, B and C emter 'jnto Partnerſhip, 
Vit, 


A laidin $41.for 8 months | They gained . 30g I. what 
B —— 8-—12 15 each mans part there- 
C 49— 4——|[ of? 


In the Rule of Fellowſhip with Time, multiply each mans 
particnlar Stock and Time together, and the total of thoſe | 0) 
products is the firſt number ( or term ) in the Rule of F 
Three, the ſeveral produdts are the reſpeQive third num- 16 
bers, and the whole loſs or gain the ſecond, & 


A*s Stock is 84 1. s B's Stock is 851. 


his Time 1s 8 mon, his Time is 12 mon, 
produ&t 432 - produ&t 1020 
BOS rmmans————w———__ am_—_ 

C's Stock is 49 þ. A's prod. 432 
his Time 1s 4 B's 1020 
— C's 196 

produtt 196 — 
Sum 1648 


——_— 


NY —_— « 
LO > = 


In the Reſolution according to the cuſtomary method the 
ſeveral proporrions are as follows, viz. 


2 —_ 
ttt, gonna ranges PIETY 
CO OE atm... Ln D—— on ao 


Firſt, For A's gain. 


my 


If 1648 : 309 h.; 3 432: Anſwer 811, A's gain, 


« -—— 
DT ———_— ——_—_— ——_ 


Se- 


OSS  D20 e  DAA 


_— 
_— 


1th 
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Secondly, For B's gain. 


If 1648 : 3ogl. : : 1020. Anſwer 191,251, 
Fy Or, 191 |. 005, 6d. B's gain, 
1} 


Thirdly, For C's gaia, 


If 1648 2 3091. ; : 196. Anſwer 36,75 1. 


Or, Wl I 5 5 3 Oli 


In the Reſolution according to the new method. The 
Operations are (in brief) as follows, vis, 


1648) 309.1 (1875 


a 1875 187g 
14420 A 432 - B 1020 
123500 _ 3750 37 300 
— $625 18750 
8240 7500 — 
omcomemmcy —— P's 15 191,2500 l, 
A's gain 15 81,000 [, —— 
The Proof. 
-, L..&4 
aI87g A's gain is 81,00 81-00-00 
C 195 B's —— 191,25 | Or | 191-05-00 
C's 36,75 36eI 5-00 
I1250 — 
16875 Sum 309,00 Or, 309-c0-00 
1875 . n—_—_— 


C's is 36,7500 l, 


| 


SIE 
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The Fourth Example ts in the Rule of Fellowſhip with 
Time. | 


o 


5 Merchants A, B, C, D; E and F Company, viz. 
l. . ” IH 


A laid in $2——14——00 62 
= 74 —= 1,5 ——00 74 

C 83——03——o0\ for J 8: months, 
' D —-—— 5$8—-11——00 12: 
E — I12——1I5s oſs 43 
F -— g9—I8——00 q 


They gained (by the whole) 2-891. 14s. 6 d.- Quert 
each mans part of the gain according to his Stock and Time. 

The ſeveral Stocks and Time being multiplied together, 
the reſpeQve produRs are as follows, viz. 


A's Stock - $2471. B's Stock 974375 | 
Time 6,5 Time 7425 thi 
2635 37375 
3162 14950 
produRt 342,55 " 
” — produRt 541,9375 
C's Stock 83,151. D's Stock. 58,55 1. 
Time 7*.. = Time I2,5 If 
41575 29275 
66520 ITI7IO 
= OY 5855 
produ@t 706,775 —r———_ 
. produt 731,875 a 
: E's Stock 


& 
-— 


603 bv. n 
bobs... - ("8 
£ = - 
L 


—_— ft 7 * ofick: FR 


E's Stock II2,75 |  F'sStock $939 l. 
© Time 4375 Time 7 
$6375 produ& 419,3 
78925 
45100 , & .* 


produt 535,5625 


_ A's produ& 342455.. 
B's $41,937$ 
C's —— 706,775" 
D's 131,875" 
E's—— $35,5625 
{; Fg 419,3*** 
n ] Sum 3278,0000 


In the Reſolution according to the cuſtomary method, 
the ſeveral proportions are as follows, viz, 


Firft, For A's gain. 


If 3278 ; 2089,725 |. ; : 342,55 Anſwel 218,375625 l, 
Or 2181. 78.6 d.o,6 f. A's gain, 


: 


Secondly, For B's gain. 


If 3278 ; 2089,725 1. : : 5$41,9375.Anſw.345,48 515625, 
Or 3451. 95.8 d. 1,75 tf. B's gain. 


Thirdly, For C's gain, 
M 3278 : 2089,7254.;:; 706,775. Anſwer 450,5590625 li 


Or 450 |, I11.4d. 2,3 f, C's gain. 
Fourthly, 
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3M Fourthly, For D's gain. ; 
If 3278 : 2089,725 ll 731,875. Anſw.464,57031297 
. Or 466 1. 11 5. 4 d. 3,5 f. D's gain, 


Fifthly, For E's gain. 


If 3278 : 2089,725 1.535,5525. Anſw.341,4210937s l. 
' Or 3411. 85. 5 d. 0,24. E's gain. 


Sixthly, For F's gain. | De 


' If 3278 ; 2085,7250, 419,3- Anſw, 267,303751, 
Or 2671.68. 0d. 3,6 f F's gain, 


In the Refolution by the new method. The operations 
are, V7. 


3278) 2089,725 (,6375 A's produtt 342,55 


WIFE wo SIA 7 St SETS ets. 20 9 Eearma tee _ —_ 


29375 
12292 abs 
-— 171275 
24535 * 239785 
aa hee” ee 102765 
16390 205530 
b A's gain 15 218,375625 
A 
B's produRt 541,9375 C's produ& 706,775 B 
6375 16375 C 
as ink | aſh D 
7056975 3533875 | E 
37535625 4347425 
16258125 2120325 
32515250 42406 ,0 


B's gain is 34548515525 1. 


J—— IR 


C's gain is 450,56.90525 1, 


D's pro» 


l; 


D's produRt 931,875 E's.produt $35,$625 
| »9375 $5 20375. 
3659375 26778125 
$I2312g 3748937$ 
2195625 | 16056875 
4391250 32133750 


D's gain is 466,57031251. E's gain is 341,4210937$1- 


L CEE— 


F's produ@ 419.3 
26375 


F's gain is 267,3037s5 1. 


*. 

The Proof. 
: > $ da. q. 
A's gain 15 - 218—0J—06 -— 0,6 * 
B's —— — 345 m_ 9 —— 08 ——1,75 


C's m—_—— 4 0-—I O04——2,3* 
D's =wn— —— 466 1—04——35* 
E's = —34I—— 08 — 05——0,2g 
F's — 267 — 06—— 00——346 * 


Sum 2089 — 14 ——06——0,00 


—— 


The 
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The'Fifch Example is in Allgation Alternate. 


A Grocer hath ' four ſorts of Sugar, viz. of 12 d. peri. ſÞ A 
of 10 d. per I. of 6d. per |. and of 4d. per, 
which he would make a Compoſition of 239 1. worth g d, 
per 1, I demand how much he muſt rake of each ſort ? 

I ſhall here (for brevity ſake) omir the divers ways | 
linking the ſeveral Rates or Prices of the Simples propound- 
ed, referring to other Aurhors that treat of Alligation at 
large, only lhew the expeditious performance tnereof by the 


general Rule preceding. 


The _ here beivg diſpoſed I2 
of and linked as in the Margent 9d. +» 
6 


the ſum of the ſeveral diftcrences 


The Reſolution hereof according to the cuſtomary method 
requires four proportions, (or the Rule of Three four times 
repeated j there being fog quantities required, which pro- 
portions and operations are as follows, viz. 


Firſt, For the quantity of Sugar of 12d. per 1. 
l he ik | ] 


As I2 -: 237 : : $.: Anſwer 98,74 vr 9873. 
| s - As 


N2) 1185 (98,75 Tn t 
NIERE 6 Prion: 
Iog cond 
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. Secondly, For the quantity. of 10d. perl. , 


As 12 : 237 
2 


L FA | 
3- Anſwer $925 l. Or 594+ 


12) 71 (59,25 


| meumretdomnnne ts 


TORY, For mo quantity at 6d. per 1; 
237 : 2? 0. Anſwer 19,780r 19:1, 
I 


- 


12) 237 (19,75 


> 


117 


C—— — ——— 


90 
60 


Fourthly, For the quantity at 4 d. per f. 


L b 


237 : : 3: Anſwer 59,25 0r 59 -l. 


In the Reſojution hereof by the new method ; the Ope- 
tions are expeeitiouſly performed as follows. 
cond number in the preceding proportions) being the di- 
dend, and 12 (the fi 


rſt number) the Diviſor, 


F 
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12) 237(49,75 © *Arir2d. perl. 19,95 
| OY 


IF : > -- lb oY 
| — required 98,751, 
90 Og —_— 
60 | 
At 10d. perl. 19,75 Ar6d.perl. 19,75 
3 : I 
required 59,25 l. | required 19,75 | 


| | Ar 4d. per |. 19,75 
*ar 1 4n,=7 vow £ -5 


required 59,25 l. 


The Proof by Alligation Medial. 


To make up this mixture there is required by the pre- 
ceding work. 


98,75 l.at 12d,per |. And at 12d.per 1.98.75 Lis 1125,00, 


. $9,25— 10 10 $9525 — 59245 
I 9,7 — 6—- 6=—19,75 — 1185 
992g —— 4 $9,25 — 237%0 

237,00 the Sum. the Sum is 21330 


Alſo 237 |. at g d. per 1. (the meawprice) is 2133 pence. 
« E. F. | 
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A The Sixth Example is in Alligation Alternate. ' 


Uppoſe it w uired to make a mixtureof1 55% gal- 
y. pPorss Wine, vit. Of Canary at6 s.and 5 s, 4 4-4 
allon: Of: Malligo at 4's. and at' 3%. ,9'd; per gallon. 
df White-Wine , at 3.s. and art 2 5. 9 d. per gallon. 
n ſuch fore rhar this mixture may be worth 457 6'd. per gal. 
Quere, How much of each ſort of Wine ought to be taken, 
ofarisfie the condition of this queſtion. ; 


= 


5 | The ſeveral given prices 12721 | 29 
f the reſpeQive ſorts of © |: LH 6+ [15 
Vine propounded being -d. Fe g's 1419) 
ere diſpoſed and linked © 54 Þ 1459 
$1n the Margent, the ſum 18 18 
f all cheir differ.(from the | 13 18 


nean price given) is 108. «6.4 5 7 
| the Sum 108 
The Reſolution hereof by the Cuſtomary method(there 


ing Six quantities ſought) will require Six proportions, 
follows, wit. 


pre- wet 
; Firft, For the quantity of Canary at 6 s. or 92 d. per gal, 
0a, / 
5s [| AS1IO8 : 155,25 : : 39. Anſwer e6,0525 pal. 
; | 
Oo 


Secondly, For the quantity of Canary at 53 d. gallon, 


© FAs 108 : 155,25; : 15. Anſwer 21,5624 gallons. 


hirdly, For the quantity of Malligo, at 4 £. or 42d. per gal. 
AS 198 2: I$5,25 : 3 9. Anſwer 12,9375 gallons. 
The I 


2 Fourths 


En: ha. 1 Arithm tick; 
 Fourthly;: For the: quantity of Malligo at 45 d- per gallon, 
AS 108. 155325 3 - 3 9. Anſwer 12,9375 gallons. 
Fifchly, For he quantityof Whire-Wine at 3 5. or 36 d.gal, 
As 702 a 155,25 $: 2 18. Anſwer 25,875 gallons, ; 
Sixthly, For the quantiry of White-Wine art 33d. per gal, 
As 108 : 155,25: 3 18. Anſwer 25,875 gallons, 
In the Reſolution according tothe new gaerhod 15 5,2; 99 


(being the ſecond number and a common Fator in all che as f 
preceding proportions ) is the dividend, and 108 the Dif. 


viſor. $5, 
2l, 
108) 155,25 (1,4375 , 72d. 14375 £12: 
| | per gallon 39 I 25; 
472 25, 
KEE  T29375 $25" 
495 | 43125 _ 
155, 
810 required 56 0528 gal} — 
540 T 
ways 
© by t 
on 2 
Ar 63d. 1,4375 Ar 48d. 1,437s m1Xxt 
per gallon is per gallon, 9 . 
. r 
71875 required 12,9375 gall, ed b; 
14375 _ —w 
_ - bur t 
requ. 21,5625 ons, 


on, "At36d. 1,4375  Alloargg d. per gal. ired 


-per gallon 5 Mapl 12,9375 gallons the FaRors 
WT 2” © knack” being the ſame, as for the 
wr 115000 © quanriry of 48d. per gall. 
gal. © Re 14375. ga AP x0 
00 in=—" Likewiſe having the ſame Fa- 
Required 25,8750 ors for the quantity of 23d. 
| — - = (as for that of 35d. per gal- 
gal, 'lon ) there is required , 
25,875 gall. 


Hence: It #ppears (by the preceding work) there 15 re- 
5,2; pired to m—_—— mixture propounded of each quantity 
ky 


| che $5 follows, as by proof is evident. 

Dif. 
$5,0625 gall. of 724, per gall. whichcomes to 4036, 5 5. .d. 
21,5626——of 63 —13583,4375 
12,937 5—of 48: | T7” 57 021, * . 
129937 g——Of 45 —— -582,1875 

> £25875 .——of 35— 93145 ..0 

$25:875-;— of 33 ———— — 853.875. 
- Þ155,2500 gal.ar 54 per gal.(mean rate given)is 8383,5000 


The fanie method and operation hold in all the divers 
ways of linking or couphng the values or prices given,where« 
by the quanriries required are as often altered as the queſti- 
on admirs of divers Alligations, and yer all true, and the 
mixrure thereby produced will bear the rate propounded. 


| It may alſo be obſerved that what hathbeen here perform- 
aft, J<d by Decimals jn thoſe Rules of plural proportion aforeſaid. 
The ſame may likewiſe be effeted by vulgar Arichmetick, 
bur then you will be neceſlicared often to uſe valgar Fractt- 
ons, whoſe operations are tor che moſt part much more te- 
$dious and troubleſome then Decimals. Yer when tt fo hap» 
I 2 - pens 


Decimal Arithmetick: 17 


#4 
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pens (as ſometimes ir may) as that number which is a com- 


man FaRor .and uſually the ſecond rexm jn the cuſtomary 
method, may. be cvenly divided by the firſt, there. is-nc 
need.of Decumay there being no fra&ions in the opetation. 
as 1n this and;ſuch'like Examples, viz. 

Let it be required to make a mixture of 120 gallons 
theſe four ſorts-of Wine. , That 15 of Canary at 60d. per ga, 
Of Malago at. g4.d. - Of. Rheniſh at 40 d. And of White. 
Wine at 34d. per-gallon, fo as that the ſaid Compofition 
may bear the price of 48 d. per gallon. | 


thn arf 0 d. diff, 
40) 120 (3 4, (50 I4 
open 48: 54 8 
RP bl 4 6 
REL I2 
120 (the common fator or | —_—_— 
the ſecond rerm in the cuſto- Sum 40 
pros "rei ts Here the div LS one 
dend, and 40 (rhe firſt rerm) is the Diviſor, and 3x is the 
quotient without a fraRtion, and the work is as follows. 
Of Canary 14 Of Mallago, 8 
_ 3 | 5 
required 42 gall. required 24 gallons 
Of Rheniſh 6 Of Whire-Wine 12 
b, 3 z 3 
requires 18 gall. required 36 gal. 
gall. d.' 4. 


Rheniſh 18xX40= 920 


| Canary | 42X60 2520 
wy 24X54= E296 

Proof 
W.Win. 36x34 1224 


Sum I20X48 = 5760 
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Burt if that number which is the common faRor and uſual- 
ye tbe. cond! term cannor-be. evenly divided by. the firſt. 
en you muſt uſe either Decimals or- vulgar fra&jons as in 
es following example being performed by vulgar fraftions, 


I bave 40 Buſhels of Wheatar 60d. per buſhel to mix with 
4 meaner ſort of Wheat at 52.d. per buſhel; and with one 
fortof Rye, ar 39 d. per buſhel, and with/anorher ſort of Rye 
at 33d. per buſhel, I demand how many buſhels of theſe 
other ſorts ſhall I commix with my 4 buſhels of Wheat, to 
the end that the ſaid mixture may be worth 42-4-per buthel. 


This queſtion is of thar part 60 9 
of Alligation called (by Arith- d. Js2 3 
meticians) 'Alternation partial, 42 39 10 
thoſe preceding of Alrernation 33 18 
Total. 

40 


By this Alligation ir appears that if 9 bufhels- of Wheat, 
at6o d, per buſhel, and 3 buſhels of Wheat, at 52 d. per 
bnſhel, be mixed with 10 buſhels of Rye, ar-39 d. and 18 
buſhels of Rye. at 33 d. per buſhel, This mixture may be 
afforded at 42 d. per buſhel, and juſtly countervail the 
prices of the ſeveral ſorts of grain; ro he mixed: :- butir is re- 
quired ro mix 40 buſhels 'of Whear, -at;60 d. per buſhe!, 
with a certain quanrity of each of the other ſorts of grain 
premiſed; ro find which by the cuſtomary method, the pro- 
portions and work is as follows, 13. 


Firſt, For the quantiry of Wheat required at 52d. per buſh, 
B. B. B. 
ASg W:; 40 Wr:t' 2 W : facit, 142 or 13; buſhels, 
3 Re Lido C IT k 


A _— _ 


9) x20 (135 


$0 


3 


CE TI RT IEN ws. 
WI 4 4 

= ® 
AL9 n 


de ER he z #0 Og Tat, 0 OTST er 0 00" © OLI TEL TD OE: as 
- 336 - hy % 
by "=p Y , F. : S . *S . . 4 
120 . 


Secondly, For the Quantity of Rye at 35 d. per buſhel, ſay 


B. B, B. | 
op Ws : 10 R : facit £38 or 445 buſhel 
> Ts FM: 


9) 450-(443 


40 
Fo 
40 43 
nary . TM 
# | 
Thirdly, For.the quantity of Rye, ar 33d. per buſhel. It hold a 
RE IE 1 | 
Ax9 Wr:4goW:; : 18 R : facit 232 or 80 buſhels, 
18 | 
9) 720 {80 
Ki: Us | An 


Hence by the: preceding operations, if with 4o buſhels off 
Wheat at 60 d. per buſhel ; you ringle 13 buſhels of the 
ſame grain at $2 d; per buſhel, 444 buſhels of Rye ar 39 dj 9" 
per buſhel, and'8o buſhelsar 33 d. per buſhel, that mixture} *V 
will bear the mean price propoſed, viz, 42 d. per buſhel, 
which anſwers the condition of the queſtion as by proof ii} _ 
evident. led 


viz. 40 buſhels at 60d. per buſhel 1s. 2400 d, dic 


232 Or 132 52 £242 or 6932 | 

334 Or 445 39 _ —IL522 OC 17335 _ 
and So 0 {EEE dan + 

the ſum 197;— 42d.per buſh, (mean price)7456: | 1 


 Deelmal Arithmetic: —@ rar 


In the Reſolution of the laſt L_— according 'to the 
new method, 4o (the common far in the preceding 

portions) is the dividend and 9 the diviſor, and the opers- 
ionare as follows, viz. ” 


lay 


- 9) 40 (44 or *3isthe common FaQtor. Therefore 
3 mulcipt. by 3, gives £32 or 133 the quant,of Wh, at 52 d, 


L=— 10 —£3* or 443 thequant, of Rye ar 39. 
49 18 222 or 80 rhe quant. of Rye at 33 


| Here the ſame quantities of each ſort of grain are produ- 
Id ced as before, And in Decimals the operations are as fol- 

01% lows, wit. 
9) 40 (4444414 Kc. is the quotient and comm, faftor, 


$, 4o 


40, &c, 
Nite, that 40 is the quant. of Wheat at 60d, per buſh, 
And 4,444444 x 3 = 134333333 ©. buſh. 52 


alſo 4,444444x10 = 44444444, ©'6.—— 39 
Is off 229 4:4444 44818 =» 79,999999, Oc. — 33 


quant.in the mixture is 197,777776 buſhels as before found 
equal to 177. prope. 


of ih Thus much for Alligation Alrergate which if well pra&i- 
ſed and underſtood is (vfficient to enable the Reader for the 
Solurion of any queſtion pertaining to the ſaid Rule, by this 
\ 4, | ew method, as mixing of the metrals, Compoſition of me- 

* F dicines, and the hke ; for which ſee Sir Jon.zs Moore's Arith- 
merick ;, Kerſzy upon VV/ingate*'s Arichmerick, and divers 


35 
o [others. 
52 The Reader may alſo Obſerve, Thar this compendious . 


method for working the Ru'cs of Fellowſhip 2nd Alligarion 
i. 
In - A:iter- 
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Alternate, is not (ro my knowledg) to be met with in any” 
.Authour,: bur in Mc; Adam Martindole's Appendix to hi; 
Surveyit ng e firſt Publiſher thereof that I hay; 
hitherco ſeen I have the rather choſen ro make thi 
neceſſary digreſſion, as well to accommodate Decimals tt 
uſe in ſeveral Arichmetical operations, as alſo thereby th 
berrer to-facilitare che work of the. enſuing part of thi 
Treariſe to the underſtanding of the meaneſt capacity, 
hall conclude Decimal Arithmetick and proceed to the ExWr. 
traQion of the ſquate Root. | 
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The Extrattion of the Square 
ROOT. 


Ext. O Extra the Square-root of a given number, is to 
find ſuch a number, which being multiplied by 
(orinto) ir ſelf produces the given number; therefore, 

2. A Square number is ſuch a number , whofe roet 
may be exaQly had ; as being produced by the multiplica- 
Wcion of any numberinto it ſelf, and therefore is aIwiys com- 
nenſurableroirs raor, Thus 2g is a Square number Pro-. 
duced by the multiplication of $5 by s (which is difo called | 
Squaring of a thumber) where obſerve that '5 is called the 
dor or fide and 25 the Square. t 

3- Square numbers are cicher Single or Compound. 

4. Single ſquare numbers are ſuch as are produced by the . 
nulriplicarion of any one Single figure into it ſelf, and 

refore every fingle ſquare number is always lefs then, 
oo: (which/ is the ſquare of 'x0.)'So 25 is 2 ſingle ſquare 
zumber produced of 5mulriplied into ir ſelf,and 81 is a ſingle 
quge number produced by:maltiplying 9 into it ſelf; &c. 
4; All fingle ſquare numbers with their reſpeQive roots 
vr ſides, are expreſt in the following Table. 


Roots or tides | 1, | 2 | 314} 5 FIKEENESY 
Square numb.| 1 | 4 | 9] 16] 25 | 35|49|64|8rf 


6. When the root of any number-leſs then 1001s requi- 
ed, which is not one of rhe. ſingle ſquares expreſt in chis 
able ; you are to rake for his root, the root of that fingle 
quare number in the Table, which being the | next le(s 

yercomes neareſt ro the given number. Thus if the root 


df 18 is required, the greareft ſquare in 18 is 16, and con- : 
ſequently 
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ſequently 4 is the neareſt Square root of 18, that can be 
had in whole numbers, (and how to find the fraftional par: 
to be annexed to the root ſhall be hereafter ſhown) the like 
is to be underſtood of any other number leſs then 100, not 
expreſt in the Table, | 

7. Compound Square numbers, are ſuch as are produced 
by che multiplication of any numbers confifting of more 
places then one, into (or by) themſelves and are never leſs 
then 100 (which is the leaſt compound ſquare number.) 
Thus 625 15 a compound Square number, produced by the 
Squaring of 25. and here 25 is the fide or root, and 525 
the ſquare thereof, So any number greater then 9 being 
ſquared (or multiplied into it ſelf) produces a compound 
{quare number. 
8. The Root of any number under 100 may-be eafily dif- 
covered ar ſight, by rhe Table of ſingle Squares according to 
the preceding dire&ions, bur to Extra& the root of a com- 
pound Square number conſiſting of Integers, obſerve the 
following precepts. : 


Firſt Point.the given number, viz. place a point over the 
firſt figure rowards the right hand, and omitting every other 
figure, place another over the 3d. $gth. and 7th. and fo on 
according to the number of places, rhe figures thus diſtin- 
guiſhed are called points, and as many points as are inthe 
number propounded for Extration, of ſo many figures con- 
fiſt the roor ſoughr, it the number be rational or an exatt 
compound Square. | 
Secondly, Draw a crooked line on the right hand of the 
number propoſed (after the manner of diviſion) for a quot!- 
ent wherein to place the roor. 


Thirdly, Seek the grearcſt Square in the firſt point to- 


wards the lcft hand (by the Table of fingie Squares) place 
the root in the quotient and ſubſtra& rhe ſaid ſquare from 
rhe firſt point, tubſcribing che remainder underneath che 
firſt poinr. 

Fourthly, To this Remainder bring down the nexr point 
placing it on the right hand chereof, which call the Re- 
ſolvend, | 

Fifth- 
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Fifthly, Double the quotient (or root of thefirſt point) 
and place ir on the lefr hand of che reſolvend, diſtinguiſhing 
it eo a crooked line thus,) which call the Dt- 
viſor. 

Sixthly, Seek how often this diviſor (or double quotient) 
js contained in all the figures of the Reſolvend except the 
laſt rowards the right hand, (after the manner of diviſion) 
place the anſwer in the quorient, and alſo on the right hand 
of the Diviſor. 

Seventhly, Mulriply the Diviſor with the figure laſt add- 
ed by the figure laſted placed in the quotient, and ſubſtra& 
char produt from the Reſolvend , ſubſcribing the Re- 
mainder. 

Eighthly, To this Remainder bring down the next point 
for a new Reſolvend, and proceed therewith as with the 
firſt Reſolvend, repeating the work of the 5th. 6th. and 
7th, Rules (or precepts) foregoing and continuing fo to do 
until che Extraction be finiſhed. 


The firſt Example. 


Let it be required to Extra the Square-root of 625 the 
root whereof will be found to be 25 as by the following 
Operation, 


Firſt, The number being prepared by punRation . . 
(according to the firſt precepr) ſtands chus, which 625 
conſiſting of rwo points, implyes the roor ſought 
to conſiſt of two figures or places. 

Secondly, Drawing a crooked line on the right . . 
hand of the given number for a quotient, behind $625 ( 
whichto place the roor,then rhe work will ſtand rhus. 


Thirdly, The'greateſt Square in the firſt s # 
point, 6 15 4, whoſe root 15 2, wherewith 625 (2 
proceed (according to the 3d. precept) and 4 


the work ſtands thus. ; 
Remain, 2 


Fourth- 
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Fourthly, To the remainder 2 
bringing downthe next point 25, "_ 
and proceeding therewith accord- 625 (25 
ing to the 5th. 6th, and 7th. pre- 4 
cepts,and the work ftands as in the _ — 
margent. diviſor 45) 225 Reſolv. 
. 225 ProdudQ. 


O 


Here Note, That the points being all brought down and 
oremaining (after the laſt ſubſtrattion) ſhews the operati- 
on is finiſhed, and alſo that 625 1s an 
-exa& compound ſquare number, whoſe 2g 
ſide or root is 25, as appears by ſqua- 25 
ring of 25 (being the proof the Ex- —— 
tration of the ſquare-root ) which 
produces 625 the nuraber propoſed, 50 


Note, alſo that when (the diviſor with the figure laſt 
added, multiplied by the ngure laft placed in the quotient) 
the product exceeds the Reſolvend the work 1s erroneous, 
To reQifie which place a leſs figure in the quorienc, bur 
if the remainder is greater then the next diviſor place a 
greater figure in the quotient, wherewith proceed accord- 
10g to the-qth. precepr, &c. 

It may alſo be obſerved, that the reaſon of pointing 
every other figure, js becauſe the ſquare of any one ſingle 
figure never exceeds two places. 

The operations (at large) of 3 or 4 more examples wilt 
(I preſume.) make the ExtraQtion of the Square Roor of 
any rational (or Square) Number evident and intelligible 
enough, with little (if any) more Explication. 


Mo te 


The Extraction of the Square Roof. 
More Examples, 


Whats the ſquare Root of 1369, The Es 
pumber prepared according to the iſt, 1369 ( 
and 2d, precept ſtands thus. 

= : 

The Operation of the 3d. precept be- - 5 


ing performed, the work ſtands thus, 
Rem. 4 


The operation of the 4th. precept «4 
being obſerved the work ſtands thus, 1369 (3 
| 9 


I —— ———_——— 


469 Reſolv, 


The operation of the 5th. precept 1369 (3 
being performed the work ſtands | 9 


thus, . —— 
Diviſor 6) 469 Reſolv. 


The operation of the 7th. precept 1369 (37 Root. 
being performed the work ſtands thus 9 

and the whale operation is as in the 
margent, which ſhews 1369 1s a ſqu, div,67(469 Reſoly, 
number, compoſed of 37 ſquared. 459 produc: 


© Rem. 
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I28 


Whars the Square Root of I51 29 (123 the root ſought, * 
Bhs () 
firſt diviſor 22) $1 Reſolvend be 
44 produ& " 
ſecond diviſor 243) 729 reſolvend be 
729 product a 
—_ 
Whats the Square root of 235196 (486 the root ſought, 
16 
firſt diviſor 83) 561 reſolvend 
704 produt 
ſecond diviſor 965) $796 reſolvend 
_ $796 produdt 
NON 
W 
Whats the Square root of 13017664 (3508 the root requ 
firſt diviſor 56) 4o1 reſolvend 
305 produtt 
ſecond diviſor 520) 575 reſolvend 
coo produR, 
third diviſor 9208) 57664 reſolvend 
$7664 produt 
CEO—— #1 


(®] 
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' Here by the way obſerve, That when the : diviſor canyoc 
be had 1! the Reſolvend( according torte oth! ; 
place a cypher in the quorient, and alſo on the ri Chand 
of the diviſor, and then you may either remove the reſol- 
vend a ſtep lower, and annex the -next point rhereto for a 
new reſolyend, ſerting the new diviſor alſo in the ſame line 
therewith, as 1n the operation of che "laſt cxample. Or ler 
both the reſolvend and diviſor remain, annexing the next 
point, as in the following bop of the laſt "example, be+ 


Ing again repeated, '- 


I 3ol Dy (3608 che root required, 
a * glans 
' diviſor 66) 4or coſabens' 0 1G 
: 395 produt | '*r7 


diviſor 7208) $9664 reſolvend: 
"57664 product; it's: 


; EIT, ARTIE 
8 CIjf £124402 


Whats the mo Root ” of 45126081 c 7009 the root m_” 
| 49. & 1 2058 S16vp 


firſt diviſee 4 12 "reſolvend 
'n1-31 . 00 produgt; .. 
ſecond diviſor SY 1260 reſolvend 
\: - -,.; 2000, produc, 


hird diviſor Hes) 126081 reſolvend 
125081 J_ 


0 


130. The Extrantion of ifhe Wquare-Rovt, 
c laſt Example being again repeared, the operations 
"reac  corking td the preceding diretions 


-- 49126081 (7009 
49 | 


_ divifor 14009) 126081. refalvend_ 
126081 produt 


O 


But if there be a rational (or (quaze) number propoſed 
for Extra&ion, conſiſting either of Integers with Decimals 
annexed, or of Decimals alone, then point every other fi. 
gure in the Decimals from unines place towards the right 
hand, as you do the integers towards the left hand, and as 
many points as are-in the Degimals annexed or propoſed, 
So many Decimal places are in the Root ſought. 


Mr es 


Firſt, Examples of mixt Numbers commenſurable to their 
Roots. 


—_— 


Whats the ſquare Root of 328329 (57,3 the root ſought. 
25 ; 


— 
£ 


diviſtt 107) 783 reſolvend 
749 product 
divifor 1143) 3429 reſolvend 
OT 3429 produR 


4 


O 
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"ns Wha the ſquare root of 445 $9025 ( 67,95 the roat- SG 
35 


127) 895 
89 
13405) 67025 © 
67025 | 


© 4 
} 


Secondly, Examples of Decimals Nurhbers, ommicnth® 
ed Þ| rable to their Roots, 


hr £ Whats the Square root of 11225 (,35 the root required. 
9 | | 


ed, | — 4 ET Res 


65) 325 
325 


elr MED 
O 


Whats the ſquare root of ,57 1536 (3755 the root required; 
Wh {cr ie Neein to cy 


1:5) 815 
725 


_ 


1506) 9035 
Ls, 55G 


- 


ats 
TT 4 4 


R' 2 
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And here obſerve, both in mixt numbers and Decimals 
alone that if the'number of decimal places be not even, wiz, 
two, four, ſix, eight, &c. places, then the number pro- 
pounded is incommenſurable to its ſquare roor. 


Note alſo, when a decimal fration js propoſed for Ex. 
tration, which hath two or three cyphers, poſſeſſing the 
rwo or three firſt places next the left hand, cur off two of 
them with a daſh of the pen, and place a cypher in the firſt 

Jace of the roor, and if the given decimal have four cyphers 

fore ir, then cur them of, and place two cyphers in the 

root, and proceed to Extra&t the ſquare Root of the re- 
maining figures as is already taught, 


00[4425 (,067 the root, 
'Thus the Square root of 36 AM 
» 004489 15 ,067 ſee the Ope- _ 
ration 1n the margent. 127) 889 
889 


_— 


O 


Alſo the ſquare root of ,coo0[351649 will (in like man- 
ner) be found ro be ,00593. 

Hirherto hath been ſpoken concerning the ExtraGtion of 
the ſquare root of any ſquare or rational numbers, (whether 
whole, mixt or decimal) viz ſuch as are commenſurable 
to their ſquare roots. + | 

Bur if when all the points inthe given number are finiſhed, 
there be yet a remainder after che laſt SubſtraQion, luch are 
called ſurd numbers (being incommenſurable to their ſquare 
roots) whoſe ſquare roots, though they be inexplicable by 
numbers, yet may be obtained infinitely near by an op- 
proximarion, according to the following direCtions, 217, 

When a ſurd, number is propoſed for Extraction, con- 
fiſting all of integers z proceed therewith as wich a rational F 
whole oumber cill all che pyjnrs are finiſhed, and _ : 
FOO there 
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there will always be a remainder, which nor only ſhews thac 
the number propoſed is a ſurd number ; but alſo that you 
have already found the greateſt whole number that the 
Square root can confift of, and to find the decimal fraction 
to be annexed to the root found,to bring ir nearer the truth, 
proceed thus, place two cyphers on the right hand of the 
remainder for a new reſolvend, and find alſo a new diviſor, 
wherewith proceed according to the 6th. and 7th. precepts, 
and there will be produced one figure more to be placed in 
the quorient, which is the firſt figure (or place of Tens) in 
the decimals, and ſo by a continual annexing of twe cyphers 
toevery laſt remainder, you may. continue the ExtraRion to 
as many places of decimals as you pleaſe, For as many pairs 
of cyphers as are annexed ſo many. places of decimals are in 
the roor, which are to be diſtinguiſhed from the integers by 


4 cCOMMA®. 


E xamples. 


Whats the ſ(quare root of 5968 (83,47 &«. the Root prope. 
54 


firſt diviſor 163) $68 reſolvend 
439 product 


ſecond diviſor 1564) 7900 reſolvend 
65655 produR 


third diyifor 15687) 124400 reſolvend 
116809 produR 


Rem. 7591, Oc, 


R 3 
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Whats the ſquare root of $6783 (238,29 &c.the root propy 
4 


43) 167 
129 


458) 2883 | 
3744 


4752) 13900 
9524 


© -- 147649) 437500 
_ 428841 


8759, ©. 


Here Note, That having found the integral part of the 
Square root of any Surd number, the remainder may be cx- 
preſi-in terms of @ vulgar fraftion thus, viz. Double the 
rerainder for a numerator, and quadruple (or mulriply by 
4) the root found, whereunto add 1, for the denominator 
thereof, which vulgar fration being 2nnexed to the root 
found,rhart mixt number {hall be the Square-root of the Surd 
number propoſed, (prope werum.,) . 

Thus, If the fquare-rooc of 48 were required, the integral 
part of the root 15 4,; and 2 remains, which doubled js 4 
for the numerator, and 4 ( the root found ) quadrupled 
makes 16, to which add 1 and it is 17 for the denominator 
rhereof. Hence I conclude that. 4:4 15 the neereſt ſquare- 
roor of 18,that can be..expreſt in numbers,unle(s you ute the 
method of approximation by decimals as aforeſaid, by an- 

nexing a competent number. of pairs of Cyphers, whereby 
' the -=_ of any Surd-number may be obtained infinitely the 
erutn, 

But whena Surd number is propoſed for ExtraGion, con- 
Ming of decimals alone, or of decimals annexed to integers, 
zn ſuch Caſes it 1s moſt convenient to uſe the method of ap- 

po 
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proximarion aforeſaid, regard had to the preceding Rules 
for thar purpoſe, obſerving thar if the decimat places be not 
even, they muſt be made fo by annexing a cypher, for the 
decimals muſt always confift of rwo, four, fix, eight, &c. 
places, betore they be diſtinguiſhed by points, 


Firſt, E xamples of Mixt and Surd Numbers. 


Whars the Square root of 1 3925 (3731;0c.the root fere, 
b 


firſt diviſor 67) 492 reſolvend 
| 469 produtt. 


ſecond diviſor 743) 2386 reſolvend 
22 29 produc. 


third diviſor 5562) 15700 reſolvend 
15124 produQ; 


Rem. 576, OA 


Whats the {qu.root of 1678-,493 15780,49 30 (129,539 
I 


Here there muſt be a cypher 
annexed ro the Jeciniah art. 323.67 
ing ro the Rule already delivered 
for that purpoſe) ro make the 
number of decimal places even: 4 
and continuing the - extraction 2585)13949 
af-er ail rhe points in the given 1292s 
number are finiſhed by annexing 2 ...2)102430 
rwo cyphers,to make a nearer ap- 97799 
proach, the Squarc root 'will be, 240069 J24nan00 
129,539, ©. | 59009 k. {ao 
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Alſo the Square root of 1 $8424,488 is $94,238 fere. 
And the Square Root of 8368998,3458,15 2892,922 fer, 


Secondly,examples of Decimals being ſurd quantities, 


Whats the ſquare root of ,75 (,866 the root required propz, 
6 


0 


166) 1100 
696 


1726) 10400 
10355 


Rem. 41, &c- 
Alſo the Square root of ,8125 is ,q013, Oc. fere. 
And the ſquare root of ,39583 is,62915,0. fere. 


If a vulgar fraRtion that is commenſurable to 1ts ſquare 
root be propoſed for Extraftion 3 Extrra& the ſquare-root 
6f the numerator for a new numerator,and alſo of the deno- 
minator.,for a new denominator.ſo ſhall rhe new fra&tion (thus 
found) be the ſquare root of the fration propounded;thus the 
ſquare-roor of 21s 3; and the ſquare root of 3+ is £. 

Burt here obſerve, that if the fration propoſed for Extra- 
 Gtjon, be notin its leaſt rerms, jt muſt firſt be reduced to 
Its leaſt terms, for it ofren happens that though the former 
be incommenſurable ro its ſ(quare root, yet the latter may be 
commenſurable. Thus if the ſquare root of 2+ is required. 
| Initrs given terms the fraction in incommenſurable to irs 
ſquare root, but being reduced to 4 (irs leaſt rerms_) the 
ſquare root 15 +. | 
- Alfotheſquare rootof 247 is inexplicable in the given 
terms, but being reduced to 15 (its leaſt rerms } the Square 
foot is 5. , I 
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If the vulgar Fraction given be incommenſurable to its 
Square root, both in the given terms and alſo in any other 
terms that it is reduceable ro. Then reduce the ſaid vulgar 
Fraction into decimals conſiſting of even number of places. 
And then extra& the Square root thereof by approximation 
according to the precepts already delivered. 

Thus if the Square root 3 be required its equivalent Deci- 
mal is ,75 whoſe Square root is ,86602, &c. therefore the 
Square root of 4} is ,86602 fere. 

Alſo if the Square root 43 were required, its equivalent 
decimal is ,$125 whoſe Square root is ,9013 fert, &c. 

Alſo if a mixr number is propoſed for extraRion whoſe 
fra&ional parr is expreſt in terms of a vulgar fraftion (and 
not in decimals.) Reduce it into an improper frattion, and 
(if commenſurable) extra the Square root of the numera- 
tor and denominator as before,obſerving the aforeſaid caution 
of reducing the fractional part of the mixt number (or the 
improper fraction equivalent co the mixt number) into its 
leaft rerms 3 

Thus if the Square root of 54 were required it will be 2+ 
for the improper fra&ion equivalent to $4 is 42 and the 
Square root of £3 1s +} or 24. 

And (after the ſame manner) the Square root of 3433 1s 
$7. Bur if the improper fration (equivalent to the mixt 
number propoſed for extration) be incommentſurable to irs, 
Square root. Then reduce the fra&ional part of the mixt 
number into decimals, of an even number of places. And 
extra the Square root thereof by approach as before. 

T hus if it were reqttired to extra the Square of 1265, the 
improper fraction thence reſulring is £274. which becauſe 
each term is incommenſurable to its Square root, therefore 
reducing 5 (the fraional part of che given mixt number } 
Into decimals, (according to the laſt rule preceding ) and 
the mixr decimal number rhence reſultiug will be 126,625 
whoſe ſquare roor being extrated (according to the former 
rules) is 11,2523 fere, So that the Square root of 126% 1s 
11,2528, &c, | 

Alfo the ſquare root of 125243 being required, the im- 
proper fraRtion equivalent thereto is £24342 which 1s1ncom= 

menſu- 
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wenſurable . ro. its Square ror, therefore 585 the decima| 
equivalent to the fraftional part 43. annexedrto 1392 (the 
Integral part of the given number) gives the mixt number 
1392,86 whoſe Square root is 37,37 &c. which was required, 
The like uadesſtand of all ocher mix Surd: numbers, 
' Alfo you mayobſerve (before we make an end of extra- 
Aion of the Squere rout) that divers Authors expreſs the 
uare rgors of all Surd quantities or numbers incommenſy- 
rable to their {quare roors ; whether whole, mixt or Fra- 
Qional ; by pretixing this charaRer before the given number, 
viz. Vor vq. as implying that the Square roor of rhe number 
or quantity before which 1tis prefixed is to be extracted, 
Thus the root of 5; may be thus expreſt, v. 54 or thus 
vq.53- Theraot of ,75 thus v.95; or thus V.q.,75. The 
roor of 4-3 thus V:33, or thus Vq.7-3, &c. 


Note aiſo, Thar che Square roor of any fration (leſs then 
x or unity) whether vulgar or decimal, is always leſs then 
the fraftion propoſed for extraftion, As ſuppoſe the ſquare 
root of + of ,25 15 required, the root will be - or ,s, for 
2. (quared 1s 3. or,s {quared is,25. For it1s evident that 
If a {quars te made each fide thereof a foor. then 7 of thi 
{quare 1s x quarter of a ſquare foor.and rhe fide of char ſquare 
(which contains 3 of a fquare foor) is + a foor jn lengrh, 
and therefore the ſquare roct of 2. 1s 7.; The like 1s to bt 
underſtood of any other fraction, 


The Proof of the Extrattion of the Square Root. 


HE operation in the Extrattion of the ſquare root may 

be proved divers ways, bur che beſt and moſt uſual 

proof is by ſquaring the root found, and if rhe produdt with 
the remainder added (if there he any) be e£qual to the num- 
ber propoſed for exrraRion, rhe oyeration 15 true, other- 
wie Got: —— Or by the Crofs and caſting avay the g's thus. 
Caſtaway all the 9's cut of the number propoſed for exrraGti- 
on, 2nd plzcc the remainder oyer the Crols. And allo our 
Ot 
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of the root found, placing the remainder on each fide of rhe 
Croſs, which remainder ſquare, and thereto add the remain- 
der after the extraction is ended (if there be any) our of 
which Sum caſt away all rhe 9's. And this laſt remainder 
will be equal to thac above the crofs, it rhere be no etrour in 
the operation ; or by Diviſion thus. 


In any ſquare number Divice the number propoſed for 
ExtraQion, by the ſquare root found; and the quorient will 
be equal to the ſaid root without a remainder, it rhe opera- 
tion 15 true, 


In Surd numbers,the quotient will be rhe ſame as the root 
found, and alſo the remainder of the divifion equal ro the 
remaindeg afcer the extration is ended, if che operation is 
true. 

As in the firſt Example in ſquare numbers, where 625 is 
propoſed ro extract the ſquare root thereof, which is there 
found to be 25, therefore (cing 25 (che roor found) being 
{quared produces 525. I conclude the operation is true. 


product 525 
The proof of the preceding Example by the Croſs, &*c. 


The number propoſed for Extrattion 15—625 4 
The root found 15 25 
The remainder is — o 7 7 
4 


_ The 
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The proof by Diyifion 25) 628 (258 


12g 


DR EE IS 
O 


The Firſt Example in Surd numbers being examined ac- 
cording ro the three foregoing Rules, for Proof, the operati- 
on thereof will be found true. 


Firſt by ſquaring the root found, and adding thereto the 
remainder after extragion. 


The number propoſed is——6958 
The root —* or mapi 83,47. 
The remainder is ————7591 


83347 
83:47 


53429 
33388 
25041 
66796 
- prod. 6961,2409 
7591 Remaind. 


hood WEI een 


Sum 6968,c000 the number propoſed. 


Secondly, By the Croſs, &c. 

The number given———5968 

The Root found ————33,47 dC 
© The Remainder 91 


2 
Thirdly, 


The Extraction of the Square Root. 


Thirdly, by Diviſion, &c. 
83:47) 6968,0 (83,47 


29040 


a 


39999. 


66020 + 


Remainder 7591 " "TT 

Thus much forthe ExtraGion'of the Square root where- 
in I have been the more large, that ir way be-intelligible ro 
ordinary capaciries ; and conſidering thar I write ro Leart- 
| ers and nor che Learned, I hope my prolixity is pardon- 
able', ſo ſhall nor enlarge any further, referring the Reqder 
to the third and fourth Caſes: of . right Angled plain Fri-- 
angles in the preceding Treatiſe 'of Arith merical 'Trigono- 
metry,” for the :uſe-i(or application) of the | Square;roor in 
the Reſolution of plain Triangles, 'being alſo, ſubſer vient jn 
the reſolution of all: the Caſes, both-in righc /aud Oblique 
plain Triangles, according to the method delivered in the 
forcſaid Treatiſe. * | ; 

And ro'the end that this miſcellaneous Tra& may. be of 
more general uſe chen if here concluded, I ſhall in the ſubſe- 
quenr part hereof, lay down the riſe and ConfiruQion of ſe- 
veral Tables, of general uſe in the /Mathemaricks 1n as incel- 
lgible rerms, and wich as plain direQions, as 1 can poſlibly, 
conſidering my limits, vis, 


Firſt, Of the Natural Sints, Tangents and Stcants, with their 
riſe, and'the Con[lraction or milking Tables thereof. 


Secondly, Of tht Lagarithns thiir riſe, and Conflradlion, 
Thirdly, Of the Logarithmical (or Artificial) Sines, Tangents, 


and Stcants. 


The 


T he Definition of a CI RCLE 


and its Parts. 


Y way of Introdu@ion. as alfa for method fake, ic 
may be proper :0 begin with the Definition of a 
Circle and-1ts parts, defore wer proceed to the De- 
finition and- Ganfiruction of the Nerypal Sines, 

rg and Secants. qr" 


--Fig re '2% Definiricn 1. A Gircle:is a plain figure, , con- 
tamed vuiider one rerm'ofhne calſed rhe Circumference,and 
by fome the Perimerer of Peripheryz' as-b ed, 

2, The Center of a Cirele 16 chat pojne/in the very midſt 
thereof (as'at E) from which all righelines |(called Radw's) 
drawn to' the Circumference, are equal _ one another, as 
ea, eb, eo, ec, ed." 

3, The Diamerer of a Circle, is a right live drawn Fn 
one ſide of the Circle;-ro-paſs through the center. ro the 
other ſide rhereof, dividing the circle int two equal parts, 
as ac and bd, &c, + 

4. The Semi-Diameter or Radius ofa Circle, is juſt one 
halt of ithe Diameter, being conrained; /berween the center 
and the circumference, 2s ea, eb,. eo, .enret, &c. 

«. A Semi-Circle js half the circumference of a whole 
circle, heing limited by the djamerer asah G or a d c. 

6.\ A Quadrant 45:the fourth part of the circumference of 
2 whole circle, or half of a ſemi-circle, and 15 limited by the 
two djamerers ac avd tl. crofling each other at right An- 
les in the center, as the Arches ab, bc, ©, and *, cich 


being a\Quadranrt. 


-, An 


——— 
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7. An Arch of a circle, is ſome part of the circumference 
limited by rwo points called the terms orextremiries thereef, 
25 the Arches: ao, bo, or oc. | 

8, The circumference of every circle is ſuppoſed to he 
divided into 360 equal parts called degrees, each degree, 
ſubdivided into 60 equal parts, called minutes; and again 
each mitiare into 50 equal parrs eafled- ſeconds, ahd To on 
this being called the; Sexagiſmaldivifion. Hence it follows, 
9. A Semi-circle contains 189 degrees, and a Quadrant go 

egrees. 

30, The meaſure of an Angle is an Arch of a circle inter- 
ceprted 'betweetr the two ſides containing the Angle being de- 
ſcribed on' the Angular point asa center, and as manytegrees' 
asche Arch'contains, fo much is the Angle ; fo the meaſure 
of a Tight Atigle (as aeb, bec, &c.) is always go'deg. of 
2 Quadrant. DES pr ga 

11. ArrAcute Angle (as beo)-1s always leſs; andan Ob- 
tuſe Angle (as aco) greater thera right angle.” *- . 

12. The Complement of ati Archoor Anyle ta quadrant, 
5 {o much as it warit# of 50 deg: as rhe Arches bo'and oc, 
being both gp . deg. are” thereof the” Complemenr'of each 
other to 90 dep * But the Complement of an Arch-or i. 
to a.Semi-tircte is fo much as 1t' wams of 180*dey; as the 
Arches ao and-oc are the: Complemem of Exch other, wy 
18o'deg. ahd borh together equal to'180 deg OD 

/Now foraftrruch as the Rario, 'br proportion of Arthes one 
tanothet,a5atfo of an Archto a right-line's yer unknown 3 
and becanfe the Angles of phain Triangies, 35 affo' both the 
Angles .atnd® fides of Spherical, are meaſured by Arches of a 
ordle ;* therefore the proporrion'of all the parrs of a Trian- 
ple one to angrher cannor'be derertmined, mn'order ro” rherr 
cacufarion';-unteſs thoſe Arches be, firſt reduced ro, right- 
lines, and the length of zach fefined according to an afſign- 
ed Radius. mes YEP ge 
e 6 4 G13 5 

{ iis 44 . odd bs , The | 
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The Right-Lines of a Circle applyed ro the meaſuring 
of Arches and Angles, are Chords, Sines, Tan- 
gents, Semi-Tangents and Secants. 


Such as are now generally uſed in the Calculation 
of Triangles ; are :Sines, Tangents, Secants, 
and ſometimes Verſed Sines. 0 


Figure 22. Def. 1. The Chord or Subtenſe of an Arch 
or Angle is a right-line drawn within a circle dividing the 
circumference 1nto parts, and is a Chord to them, both, So 
ok is achord of the Arch o c k, and alſo of the Arch oa k, 
the Complement of oc k to 350 deg. Likewiſe oc isa 
Chord of che Arch o wc {or the Angle oec) as allo of the 
Arch oac, which is the Complemenr of o w c to 350 deg, 
The greateſt chord 1s a c or b d..the diameter of the circle, 
and 1s the chord of half che circumference. 

2. A Sine is cither Right or Verſed. ara 

The right Sine of an Arch or Angle, is a right-line drawn 
within a Semi-circle from one. end or term of an Arch per- 

ndicular ro the Diameter; and is. a Sine ;to.two Arches 
both equal to a Semi-circle, and therefore are the Comple- 
ments of cach other to 180 deg.. as on isa Sine, of the Arch 
oc (or the Angle oec_) and alſoofthe Archo. b c (or the 
Angle. oc a) the Complement of o c to 180 deg. Or, the 
Sine of an arch is half the chord of twice that axch, Thus 
on the Sine of the arch owc is half of ok rhe chord of 
the double archo ck. The'grearcſt Sine, ise b the Radius 
or Semi-Diameter of the circle, and is called che whole Sine, 
being rhe Sine of a Quadrant er go deg. 

3» A Verſed Sine, 1s that parr of the diameter conraived 
berween the righr Sine of 2n Arch and the circumference; 
thus nc 1s the Verſed Sine of the Archoc (or k c) and an 

the Verſed Sine of the Archoba (or k da.) 
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4. The Tangent of an Arch or Angle is a right-line per- 
pendicular to the end of the Diameter, & rouching the circle 
without, being limited by a right-line preceding from the 
center, by the end or rerm of the Arch : thus c m is a Tan- 
gent of the Arch co (or the Angle c e 0) as likewiſe of the 
Archoba (or the Angleoe a) the Complement of oc to 

s. The Secant of an Arch or Angle, 1s a right-line drawn 
from the center of the circle, cutting the circumference ir: 
one of the extremities of the Arch and continued till it meec 
with the Tangent of the ſame Arch, as e m 1s a Secant of 
the Arch oc (orthe Angle o ec) and alſoof the Archo ba 
(or the Angle oe a) the complement thereof to180 d. 

6, A Semi-Tangent is the Tangent of half an Arch or An- 
gle, and, nor half the whole Tangent of an Arch, thus the 
Semi-Tangent of the Arch oc, is c F- (the whole Tangentof 
cw which is half the Arch oc) and not half of cm (the 
whole Tangent of the Arch oc.) ; ; 

7. The Co-fine of an Arch or Angle leſs then a quadrant, 
is the Sine of that Arches complement to go d. the like un- 
derſtand of the Co-Tangent or Co-Secant. Thus T o is the 
Co-Sine, bR the Co-T angent, and cR the Co-Secant of the 
Arch cwo being alſo the Sine, Tangent and Secant of the 
Arch bo the complement of oc to go d. 

3, The Co-ſine, Co-Tangents, &c. ofa Arch greater then 
a Quadrant, is the Sine, Tangent, @&*c. of the exceſs of rhat 
Arch above a quadrant or god, Thus the cofine, co-tangenc 
and<o-fecanrt ofthe Arch oba is To bR and cR. 

9. By the preceding definitions, it evident that a Chord is 
common to two Arches, which together make a whole Cir- 
cle, and are therefore the complements of each other to 360 
d. and likewiſe a fine, tangent and ſecant is common to rwo 
Arches, which together are equal to a Semj-circle, and are 
the therefore the complements of each other ro 180 d. 


Thus much for the definition or deſcription of Rjght-lines 
applyed to Arches, next follows the ConfiruRion or making 
. of rhote natural Lines, 


Tie 
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The Conſtruction or making of the 
Natural Sines,T angents and Se- 
cauts 1s either Linear or Ta- 
bular- 


"THE Linear Confiruction is the making of thoſe Lines, as 
they are uſually plac'd upon the Marsiners plain Scale, 
and may be performed Geometrically, as follows. 


Figure 23. Firſt, Deſcribe a circle as abcd of a con- 
venient Radius, which divide into four quarters or quadrants 
by rwo Biameters, ac and bd croffing each orher ar Right 
Angles in the Center. 

2. For the Line of Chords 3 draw the chord Line of the 
quadrant bez and divide the arch thereof into 9 equal parts, 
which mark with 10, 20, 30, &c to go from cto b, then 
with the one foot of your compaſſes reſting in c as a center, 
with rhe orher transfer the ſeveral divifions from the arch to 
rhe Right Lineb c, and number it alſo with 10, 20, 3o,&c. 
correſponding thoſe 44n_the arch, ſo ſhall bc be a lineof 
Chords ro every 10 deg. and tf every 1o in the arch be again 
divided ihtro 10 equal parts, and in hike manner trans- 
ferred rv the chord Line, will give all the intermediate or 
fingle degrees 3 buc ir may ſuffce if every 10 in the Right- 
line be divided 1nto 10 <qual parts, 


3. For the Line of Righc Sinesz From the points of the 
ſeveral diviſions 10, 20, 30, &c. in the arch cb, draw pa- 
rallels to eb cutting ec, fo ſhall ec be divided into a line of 
righe Sines which number with 10, 20, 3o, &c. tro go from 
eto c, the fingle degrees may be had, by dividing every 


Ic 
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10 in thearch into 10 equal parts, and drawing parallels as 
before, bur if every 10 1n the in the righr line ec,be divided 
into 10 equal parts it will ſuffice withour any ſenſible error. 

4. If thoſe ſeveral divifions in the right line ec be num- 
bred with 10, 20, go, &c. from c to ec it wil] bea line of 
Yerſed Sines to go deg. and may afrer the ſame manner be 
continued from e to a(the other half of the Diamerer )to 180 
degrees. 

s, For the Line of Tangenrs 3 On one end of the Diame- 
ter as t C,, raiſe the perpendicular cm ro touch the circle 
withour, which continue to a ſufficient length ; and by the 
edge of a Ruler laid from the center e co the ſeveral diviſions 
1o, 20, 3o, &c. in the arch of the quadrant cb. Dt- 
vide the line cm into thoſe ſeveral parts 10, 20, 3o &c. 
correſponding the diviſions on the arch ; hereby is.cm un- 
equally divided, and becotnes a line of whole Tangents, 

6. For the Line of Secants 3 Ser one foot of the Compal- 
ſes in the Center at e, and with the other transfer thoſe ſe- 
reral exrents ro the graduations in the line cm, tothe right 
line eR, which mark alſo with 10, 20, 30, &c. correſpon- 
detit to the graduations in the line cm, ſo ſhall eR be a line 
of Secants, The ſingle degrees on the lines of Tangents 2g4 
Secants ought ro be gratiuared by the ſame reaſor; fromthe 
ſingle degrees of the arch asevery 10 is eſpecially thoſe above 
40 d. forthen they increaſe faſt and alſo very unzqually. 
| 7; For theLine of Semi-Tangents. By the edge of a Ru- 
ſer laid from a to the ſeveral Diviſions 10, 20, 3o, &c. in 
the quadrant c bo Divide the line eb into the ſeveral parrs 
10, 20, 3o, &c. to go d. correſponding with thoſe in the * 
arch, ſo ſhall eb become a line of Semi-Tangents,the fingle 
degrees may be divided like as the 10's or if every 10 in 
the line eb be equally divided into 10 it may ſerve. 

_ 8, There js alſo pertaining to the plain ſcale ſeveral other 
lines, as lines of equal parts of ſeveral lengths fitred to 
ſeveral Radius's of Chords, aifo a line of Rumbs or points of 
the Compaſs, a line of milzs of Longitude and fome has a 
line of hours each whereof (though ir be ſome digrethon 
from my preſent ſubje&) I ſhall give a brief hint of their 
Conſtruction, 

K-23 
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c. For the Lines of Equal parts; There needs no di- 
rections, | 

10, For the Line of Rumbs. Divide the arch of the qua- 
drant a> into 8 equal parts, then one point of the Compailes 
reſting 1n a, with the other transfer the ſeveral extents to 
choſe diviſions unco the right line ab which number with 
I, 2, 3, &c. to8 from a to b,*ſo is ab a line of Rumbs or 
poims of the Compaſs. 


1, Forthe Line of Hours, Divide the arch of the qua- | 


drant ad into 6 equa! parts, and from a as a center transfer 
them, (in hke manner) to the right line ad which will be 
a line of Hours, to be uſed with che foreſaid line of chords. 

12, For the Line of Longitude. Draw the right lines 
d6 paralle] to ec and cs parallel ro ed; fo is the ſquare 
dec! conſtructed, divide the line ds inta fix equal parts, 
and draw the lines g ce, .4 d, &c. parallel tode whereby the 
arch of rhe quadrant cd 1s divided into fix unequal parts; 
Then. placing one point of the Compalles in c with the other 
transfer the {everal extents to the points edc, &c. inthearch 
co the right line cd, fo ſhall cd be a line of Longitude, to 
Every 10 miles or minutes, and all the intermediate or fin- 
gle parts, ought to be divided like as the 10's 1s by divid- 
1ng the ſeveral parts of the line ds into 10 equal parts, and 
drawing parallcls for each, &c, This line of Longitude 1s to 
be uſed with the line of chords aforeſaid and ſerves to find 
tow many miles or minutes, in any parallel of Latitude al- 
rers (oranſcicrs to) a degree of Longirudein the equinoQial, - 
Eut as to the ſeveral uſes of thoſe lines aforeſaid my limits 
will not permit to treat of here, being ſo trequent and ge- 
nergl in the practical parts of the Mathematicks. I ſhall 
thereſore refer to ſuch as have already well applycd them to 
uſe, as Collins Plain Scale, Stlers Prattical Navigation, and 
teveral Others. Only obſerve, 

Thar thoſe fines being all made to one Radius (as thoſe 
preceding are) they may be uſed jointly one with another 
and nor otherwiſe ; and if they be made all ro correſpond 
with the ſame Radius, rhen the chord of 60 deg. the Tan- 
genr, of 45 d. the Scwi-Tangent, and Sine of 90 d. are all 
equa! onz ro another, and alio equal ro the Semi-diameter 
or Radius. Nate, 


Cho2ds, Sines, Tangenfs, #c. 1749 
- Note alſo, Thar if the Radius be divided into any number 
of equal parts, but moſt conveniently 10, 100, &c, and jf 
a line of equal parts be made correſponding therewith of a 
ſufficient length, you may thereby meaſure the length of the 
Chord, Sine, Tangent, &c. of any arch, and find how ma- 
ny of thoſe parts of the Radius are contained therein, bur 
this being not accurare enough for Arichmerical calculations, 
| ir 15 therefore abſolutely necetſary that thoſe right lines/eſpe- 
cially ſuch as are commonly uſed 1n the calculation of Tri- 
angles) be derermined to greater accuracy in nambers, to 
an afligned Radius and Tables thereof being accordingly 
made,are called the Cannon of Natural Sines, Tangents and 
Secants, The Conſtru&ion whereof toilows, 


To make the T ables of Natural 


Sines, T angents and Secants. 


Irft aſſign the Radius to be an unit with a competent 
number of cyphers annexed ghereco, and thereby the 
kadius will be decimally divided, viz. into 1000, 10000, 
100000, &Cc. equal parts, which kind of diviſion is the 
moft commodious in ail Arichmertical operations. Now tro 
determineor expre(s how many ef thoſe parts are contained 
' 1n the Sine, Tangent, or Secant of an arch 15 the conſtructi- 
an making of thoſe Tables, which ro perform divers Learn. 
ed Mathemaricians have largely writ thereof, as Snellrus, Pi- 
tiſcus, Briggs, Dr. Newton and others, bur the moſt facile 
and expeditious.way is that publiſhed by Mr, Col/ins in his 
book of the Plain Scale (before mentioned) pag, 112. and 
the excellent ſinical propertion alluding therera was (as he 
there ſignifies) attained upro and communicated ro him by 
L 3 Mr, 
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Mr. Dary, both able Mathemarticians of our own Countrey ; 
the ſame being alſo afterwards publiſhed by M. Dary him- 
{elf in his Miſcellanies, pag. $. which is the following effe&. 


In a rank of Arches equally differing. 

As the Sine of any Arch in that rank: Is to the ſum of 
the Sines of any two arches equally remote from it on each 
inde : : So is the Sine of any other arch in the ſaid rank : 
To the ſum of the Sines of the two arches next to it on each 


ſide, having the hike common difference. Alſo the fame. 


holds if the progreſſion he interrupted, viz, when there are 
rwo ranks, whereof the firſt have the ſame common diffe- 
rence as the laſt, but not retaining the like difference be- 
rveen the laſt arch of the firſt rank and the firſt of rhe latrey 
rank. Thus if the two ranks were 10, 14, 18 d. &c. and 
35, 39, 43d. &c, here each rank hath the ſame common 
difference bur not in aprogreſhve order, the like underſtand 


of any other two ranks of rhe ſame nature, this 1s premiſed 


1n order. 


To make the Tables of Natural 


Srnes. 


I, Wie the proportion of the Diameter to the cijrcum- 

ference of the circle be raken for granted to be as 
113to 35s, or in larger numbers. As Ito 3,I4159, &c. 
(for which ſee Dr.Wallis's Algebra pag. 46.) 

2. The Chord, Sine, or Tangent of 1 min.doth infenſibly 
differ from the length of the arch ro which ir belongs, and 
therefore the length of the arch of 1 min, may (without 
any crrour) be taken for the Sine thereof. 

wo, | 2. LA. 
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, The Radius 100000, &c. being doubled gives 20000? 
&c, the diameter, which done, find the circumference 12 
the fame parts by the 1. Thus 

ASI: 3,14159, &Cc. ? . 200000,00 &c, To 628318,c2, * 
&c, which 15 the length of the circumference in like equal 
parts of the Radius, | 

4. Iris demonſtrative, That ſuch proportion as the cir- 
cumference of one circle has to anorher ſuch have thier Dia- 
meters, Sines, Degrees, &c. of hke Arches one to another, 
and the contrary; therefore 

s. The whole circumference being found as before tocon- 
tain 628318, &c. equal parts of the Radius 100000, and if 
the Rad. be taken ta be 100090,00 then 1t 15 628318,53 
&c. which done. find by the 4 aforcſaid how many of the like - 
parts is contained in the arch of x min. Thus, As 21500 : 
(the min. in 35o deg. rhe whole circumference of a circle) 
Is ro 628318,53 (the circumf, found in equal parts of rhe 
Rad.) : : So 15 1 min. to the length of ir correſponding 
arch : therefore dividing 628318,53 by 21600 the quort:- 
erit 15 29,0888, &c. or 29, for the Sine of 1 min. to the 
Radius 100000 2 or the Radius being 100000,00, the Sine 
Is 29,09 fere, 


21600) 628318,53 (29,0888, &c. 


1963 
1913 


— 


1905 


177, &C. 


6 The Sine of x min. being thus obtained, the Cofine 
thereof (or Sine of 89 deg, 59 min.) may . be thus had, viz, 
From the ſquare of Radius, ſubſtra& the ſquare of the Sine 
of x min. The ſquare root of the remajnder is rhe Cofine 
thereof,thus the ſqu. of the Rad.(1c0000,)is 1 0cc0000000, 
and the ſquare of 29,09 (the Sine of 1 min.) is 845,2281. 
Therefore L 4 From, 


c 
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From the ſquare of Radius I0000000000,0000 
Subſt, the Crave of the Sine of x m. 846,2251 


Rem.the ſqu. ofthe Co-S. of x m. 9999999153,7719 


Extr, the ſqu, Root of 9599999 1537719 (999993995, &c. 
[ 


189) 1899 The Co-fine of 1 min, 
1701 (or the Sine of 89 

—_ degrees $9 min.) 1s 
1989) 19899 99999,596 to the 
1790TI Radius 100000,000, 


15989) 199891 . 
I79SOI 
199989)1999053 
7109go1 


— 


15599889) 19915277 
I799990T 


15999989) 191537619 
I7999990T 


_—— 


11537718, &c. 


Ey what is premiſed in the 1, 2, 3, 4, $, and 65, forego- |, 
ingand the preceding operations, the manner of attaining 
the Sine and Co-fine of 1 min. is plain. 

And from the Sinica! proportion before-mentioned of a 
rank of arches, &c. with ſome further explication rhereof, 
—_ reſt of the fines in the quadrant may be calculated, as 
ollows, | 


Having 
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Having obrained the Sine and co-fine of 1 min. we may 

by what js already known propoſe two ranks of arches, each 

| rank to conſiſt of three arches, and ro have the like common 
difference though nor in a progreſſive order but interrupted 
as aforeſaid, which may be applyed to the preceding propor- 


| tlon, Thus, 
In a Semi-circle. take the Radius for the middlemoſt of 


three arches in one rank ; then the two arches on each fide 
thereof muſt he, one to exceed, and the other be lefs then 
the quadrant, each by x min. the ſame Sine being (already 
known and) common to both arches, and therefore (ap- 
plicable to the aforeſaid proportion) muſt be doubled, this 
rank is at the end or laſt part of the quadrant, ——And 
for the other rank make the ſine of 1 min. the middlemoſt 
of the three, and the two arches on each fide. thereof is 
2 min. and © min. this rank is in the beginning of the qua- 
drant. And theſe two ranks have the ſame common diffe- 
fence, viz. 1 min. Now the fines of all thoſe arches are 
known except that for 2 min. which to find by the former 
proportion it follows, That As the Radius is to the double 
of the co-fine of x1 m. : : So is the ſine of 1 min. : To the 
ſine of 2 min. and o min. And from the ſame reaſon (have 
ing thus gor the fine of 2 min.) retaining the two firſt rerms 
it holds, So 15 the fine of 2 min. To the ſum of the fines of 
3 min. and 1 min. from which ſubſtrafting the ſine of « min, 
there remains the ſine of 3 min. and then it will be, fo 4s 
the ſine of 3 min, to rhe ſum of rhe fines of the 4 min, 
and 2 min. Again ſo is the fine of 4 min. : To the ſum of 
tne fines of s min. and 3 min. &c. and fo proceed (obſerv- 
ing the like order) from the beginning of the quadrant up- 
wards, 

Ir alſo follows (from the former proportion) for finding 
the ſinesnear the end of the quadrant firſt and foto run down- 
wards, that, ] 

As Radius 15 to the double of the Co-fine of x-min. : : So 
is the co-fine of the ſaid min. To the ſum of rhe co-ſines cf 
2 min. and o min. The co-fine of o min. 1s the Radius, 
therefore from this fourth term found ſubftrat the Radius 


t the 
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there remains the co-ſine of 2 m. or fine of 89 deg. 58 min. 
So 15 the Co-fine of 2 min. To the 
ſum of the co-fines of 3 min. and 1 min. from which ſub- 
ftraQ the co-fine of 1 min. (the fine of 89 deg. 59 min.) «Ys 


Then continuing 


rem. the co-ſine of 3 min. (the fine of 89 deg. $7 min.) 


Again, So 1s the co-fine of 3 min. To the ſum of the 
co-fines of 4 min. and 2 min. and fo on by the like orderly 


ptoceſs. 


This excellent proportion produces an eafie operation for 
the firſt term being Radius divifion is avoided, and becauſe 
the ſecond term varies not (being a common Fator in every 
proportion) therefore having the Mulrtiple's thereof, by all 
the 9 digits, (ina Table) ready at hand, The whole calcu- 
lation may then be performed by Addition and SubſtraGtion. 


A Table of the Multiple's of (199999.99155, &c.) the »+ 
double of the co-fine of 1 min. (being the ſecond term and 
common FaRor) for the more caſe and ſpeed in calculation 


and may be continued further at pleaſure. 


I99999,991 55, &c.| 
399999,993I1 
599999497 406 
799999,90622 | 
999999495777 
1199999,94933 
I1399999,94088 
1599999,93244 
9 11799999,92399 


00 NN Dn þÞ wo © W 


The Operations, beginning with the Sine of 2 min. and 
ſoon to 3 min. 4 min. 5 min. &c. (in the firſt parr of the 
quadran} proceding upwards by the like proceſs, as follows. 


For 


I 


nin, 
the 
Ub- 
in.) «Ys 
Y 


the 
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For the Sine of 2 Minutes, 


As 100000,00 : 199999,9915 : © 29,0888 : 58,18 ere, 
29,0388 
T5$9999993244 
I59999993244 
159999993244 
1799999923996 
39999998311 


I — — 


1000,Kc.) 58,17|7 59,7 54339084 (58,18 five the ſine of 
(2 min. 


(mu m__——_——— 


For the Sine of 3 minutes, 


AS I00000,00 2 199999:99E5: : $8,1776 © I16,3552 fer 
58,1776 
11999999493 
13999999409 
13999999409 
I999999915 
' 15999999324 
9999999578 
From 116,36 $19,50889493 (the ſum of the Sines of 
Subſtrat 29,0888 the Sine of 1 min. (3m.&1 m. 


goons" 


Remains 87,2654 the Sine of 3 minutes, 


it For 
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For the Sine of 4 minutes. 


As 100000,00 : 199999,991s : : 87,2654 : 17445328 


—— 


7999999662 
11999999493 
11999999493 
3999999831 _ 
13999999409 
15999999324 


From 174,53|279,25 254892 the ſum of the ſinesof 4 m 
SubſtraX $58,1776 the ſine of 2 min, (and 2 min, 


Remain 116,35$2 the ſine of 4 minutes, 


(and 3 m. 
In like manner is found 232,7104 the ſum of the ſines of gm. 
From which Subſtraſt 87,2664 the fine of 3 Mm, , 


Remains - 45,4440 the ſine of $ min. 


Alſo 259,283 1s the ſum of the ſines of 5 min. and 4 m, 
Subſt. 115,355 the fine of 4 minutes, * 


Remain 174,533 the fine of 6 minutes, &c, 


Theſe Examples may ſuffice the ſame proceſs being to be 
obſerved throuphout rhe whole calculation. 

And here Nore, Thar alchough the: Sines here found (be 
in effe&t) equally differing in ſuch ſort that the Sine of 2 m. 
15 double,the fine of 3 m, triple the ſine of 4 m. quadruple, 
8&2, to the fine of x min, yer in proſecuring the work this 
kind of progretiion will quickly ceaſe, 


To 


1 57 | N 


To find the Natural Sines beginning at the 
end of the Qnadrant with the Arch 8g d. 
58 min. the Sine whereof is the Co-ſine of 
2 min, and dijcending ſucceſſively, ec. 
The Operations are as follows. 


AS 100000,00 : 199999499iT5 : 3 9995939957 
99999299457 
13599999405 
9999999575 

17999999235 
17999999235 
I7999999235 

17999999235 
17999999235 
17999999235 
17999999235 


From -199999,98[250,00003655 


'Subſtr. 100002,00 the co-ſine of o min. 


O_o 


Remain 99999,98.3 the co-ſine of 2 m-(Sine of 89 d.;9m, 


— 


Here 199999.983 is the ſum of the co-ſines of 2 min, and 
oO Min, or the ſum of the ſines of 89 deg. 53 min,and go d, 
Therefore Radius ſubfirated therefrom leaves $99999,983 - 
the ſine of 8g degrees 53 minutes, cr the co-fine of 2 mj- 
Autes, . 4 


* For 
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For the Sine of Bg deg. 5/7 min.the Co- ſine of 3 min. 


As 100000,00 * 199999,992 © : 99999,983 c£199999,9583 
99999,983 &c, 
$99999976 

1599999936 
1799999928 
1799999928 
1799999928 
1799999928 
1799999928 
1799999928 


—— .  -o—_____— 


From 1659999,9 $1800,000136 the ſum of the coſines of 
Subſtr. 95999,996 the coſine of 1 min. (3m. &1m, 


Remain 99999962 the co-ſine of 3 min. (Sine of 89 deg, 
(57 min.) 


By the like method the fine of 89 d, 56 m. is 99999,933 
And the fine of 89 deg. 55 min. is 99999,894. 
And the Sine of 8g deg. $4 min. is 999994845 


Theſe Examples with (regard tothe preceding direQions) 
are ſufficient ro tlluſtrate the manner and proceſs, either for 
calculating a whole Table of Natural Sines de #0vo, or to 
examine one already made, 


Bur if chis progreſs by « min. at a time he thoughe roo te- 
dious ot ſlow, the more to expedite the work ir may ſuffice 
to find the fines by this method, to every 10 minures, and 
then ro ſupply the intermediate fines by addition or ſubſira- 
&ion of their proportional parts of the differences of thoſe ſo 
found. And 1n order hereunto ir will be convenient for 
every fine found at the beginning of the quadrant, (in pro- 


ceding upwards) to find the Hae of irs complement, 
| To 
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To the end that we may have three equi-different arches 
or (which is all one) the fine of an arch doubled near the 
end of the quadrant, differing from the Radius 10 min. and 
ſo ſhill retain Radius for the middlemoſt arch and firſt term, 
and alſo the co-fine of 10 m. doubled for the ſecond term 
and common Facor, throughout the reſt of the work: And 
then having already the fine and co-fine of 5 min. it; will 
run thus (agreeable ro the former proportion) to find the 
fines and co-fines of 10m, 20 m. 3o m. &c. As Radius; ro 
the double of the co-fine of 5 min.ſoisthe fine of 5 min. To 
the ſum of the ſines of 10m. and o m, And ſo is the co-fine 
of 5 min. ro the ſum of the co-fines of 10 m. and o m. And 
then As Radius, ro the double of the co-fine of 10 min. So is 
the ſine of 10 m. to the ſum of rhe fines of 20 m. and o m, 
And ſo is the co-fine of 10 m. Tothe ſum of the co-fines of 
20 m. and 0 m. And now the co-fine of 10 min. doubled 
may be made the ſecond rerm (and common Faftor) for 
finding all the reſt of the fines to every 10 m. throughout 
the quadrant.thus, As Radius;To double the co-fine of 10 m. 
ſo is the ſine of 20 m. ; To the ſum of the fines of 30 m.and 
10m. Andſoisthe co-fine of 20 m. ro the ſum vf the co- 
ſincs of 39 m. and 10 m. And continuing,ſo is'the fine of 30m. 
to the ſum of rhe Sines of 20 m, and 4o min. And fo15 the 
co-Sine of 30 m.to the ſum of the co-Sines of 20 m. and 4o m; 
- and fo proceed till rhe work is finiſhed. Twoor Three ex- 
amples will make it plain, 


For the Sine of 10 Mm. 


AS 100000300 * 199999,788 : : 145,444: 290,89 fere: 
145,444 


17, 


258 » 
Vc. 


— 


7999994152 
799999152 
199999152 
999998940 
799999192 
199999788 et 
me em emme—t—m ang ——— (10 min. 


16000,00) 290,881759,15587 2 (290,8877 fere,the m_ 
| 0 


Yo0 w | _ min f} gg. 
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For the Co-ſii nb of 10 min. Sine of 8g aeg, 50 min, 


As RIIO0D : 199999,788 : : 0995994854 : 
. Fatit 199999 $772, &e, the ſum of the co- fines 
” (of 10 m. &o min, 


F rorfi which ſub.1 90000,0000: the Rad.or co- {inc of o min, 


Remains doJpo;enva the fine 89d. $0 M. or co-fine 
(of 10 min, 


Which oubl.is 199999,1544 for a common FaQor, 


| A Table of the Multiples, of 199959,1544 which (being 
made a comrr.on, fa&or to find all the reſt of the fines byrto 
every 10 min, }will be of the like uſe as the former, in facilt- 


rating the work. 


199999,1544| 


399996, 3088 
599997446321 
799596,6176| 
99999547 7-0 
1199994,9204| 
I 999 1eps: 


15999932352 
1799992,3896 


"S GS On þÞ ww DD 


For the Sine of 20 Minutes, 


As 100000,00 * IG05999, 1844 © 3 250,8877 : 
facit 531,77294z &C. the fine of 2c minutes, or 
C 531,773 fire, 
Fot 


——— —— 
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Fox the Co-ſine of 20 m. (the ſine of 89 4. 4o m.) 


As 100000,00 : 19999921544 ©: © 9999945772 : 
Facit 199998,3088,8c. the ſum of Cofines of 20 and om, 


From which ſubſt. 100000, &c. the Cofine of o min. 


Rem. 99998,3088, or 99998,31 fere, the ſine of 
(89d.qom, 
For the Sine of 30 min. 


. As TO0000,00 : 199999,154 : : $81,773 : 


- 


Facit 1163,5411.8&c.ſum of the Sines of xo m.3o m. 
From which ſub.290,8877 the Sine of 10 min. 


al 


Rem. 872,6534 the Sine of 30 min. 
For the Co-ſme of 30 min. Sine of 8g deg. 30 min, 


AS 100000,00 : 199999,154 2 : 99998,308 2 


Fatit 19999957719 the ſum of the Co-fines of 
(10 m. and 3o min, 
From which ſubſt. 99998,5772 the Co-ſine of 10 min, 


Remain. $9996,1947 the Sine of 89 deg. 3o m: | 


Alfo the Sine 4o m. is 115,526, 
And the Co-fine 99993,235 fert. 


After the ſame manner proceed to find the Sines of 40 m. 
$9 M. 1 deg. x deg. 10 m, and ſoon ſucceſſively rhroyughour 
the quadrant. | 

Wh M | Qr, 
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Or, Having made the Sines and Co-fines to every 10 m, 
as far as gs deg. (which are alſo the co-fines and fines reſpet- 
rvely to every 1c m. from 85d. togod.) find the fine and 
co-fine of 10 d. and then proceed by 10 deg. at a time and 
find, the Sincs of 20d. 3o deg. and ſoon to 50 d, by the 
former proportions, which done then by the help of thoſe 
fines already known, (viz. the firſt and laſt $5 deg. to every 
10m. and alfothe fines of all rhe incluſive arches to every 
10 deg.) Thefine of any other arch whatſoever may be 
readily calculated, provide it fall on an even number of 10 
min. without having reſpe&t to rhe ſucceflive order afore- 
faid, for thenno arch in the quadrant can be propoſed bur 
1t will be within 5 deg. or leſs of ſome known fine, and by 
conſequence the tine and co-fine of the arch of difference be- 
tween the arch of a known fine and any arch propoſed, 
will be alſo known. Therefore the arch of a known fine be- 
ing made the middlemoſt of 3 <qui-ditterent arches, the 
fines of any (one or) two arches 5 deg. or leſs equally re- 
mote thereſrom on each ſide may from thence be found by 
the two following proportions, wiz. 


1. As the Radius : Is tothe co-fine of the arch of difte- 
rence ; : So 15 the fine-of the mean or middle arch : To 
the half ſum of the Sines of the extream arches. Again 


2. As the Radius : Is to the Sine of the arch of difference: 
So 15 the co-fine of the middle arch : To rhe half difference 
of the {ines of the ſaid exrream arches. 

The half difference of thoſe fines added tro their halt 
ſum, g1ves the ſine of the greater z, and ſubſtratted leaves the 
fine of the leſſer of thoſe extream Arches. Or. the whole 
difference added to the fine of the lefſer makes the greater ; 
or ſubſtrated from the fine ofthe greater, makes the lefler 
of the i1nes of the extream arches, 

Or, The ſubſtance of theſe rwo proportions may (for a ge- 
neral Rule) be thus expreſt as a conſeftary therefrom. 

Mulriply the fine of the mean arch, and the co-finc of the 
arch of difterence rogether, alſo multiply rhe co-fine of the 
middle arch, and the fine of the arch of difference __ 

c 
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Theſum of thofe rio produs divided by the Radius, gives 
the tine of the greater, and the difference of choſe two pro- 
ducts divided by the Radius pives the fine of the leficr of rhe 
extream arches. 


Firſt E example. 


ks The fine of 45 deg. being found to he 507510,578, To find 
the fines of 44 deg. 4o min. and 45 deg. 20 min. here 20 
min. 15 the common difterence whole tine is 581.773 and 
co-fine 999c8,308, 


1, Bythe former of the two laft proportions, To find the 
half ſum of the fines of th= exrream arches 4.4 deg. 40 min. 
and 45 deg. 20 min. 


AS 100000,000 : 59598,308 : : 570710,678 2 


Arſy. 1©0705,481 the half ſum of the (ines of the extream 
arches. 


2. By the latter of che two proportions aforefaid, To find 
the half difference of the fines of the extream arches. 


AS 100000,000 : 581,773 © 9 90910,678 : 


Anſw. 411,375 the halt difference of the ſines of the ex- + 


half I tream arches. 

the 

hole I] The : ſum is 70709,481 {of the ſines of 45 deg.2c min, 
er ; © ſhe ; differ. ts — 411,375 S$S and 44d. 40 m. 

{ler 


Sum 1s 71150,8 56 the ſine of 45 dep, 20 m. 
Remain is 70298,106 the fine of 4.4 49 


Second 
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Sand Example. 


The fine of 6o deg. is 85602,539 and the co-fine thereof 
on fine of 3o deg.) is 50000,000. To find the fines of 55 
. 50 m.and of 60 d. 10 m. here 10 m.1s the common difte. 
rence whoſe fine before found 1s 290,887 and co-fine is 


999999977» 


' Is For the half ſum of the fines of 59 deg. $0 min, and 
60 deg. 10 min. 
AS 100000,000 2: 959999,579 5 : 86602,5939 : 
Anſw.85602,1729 the half (um of the ſines of the extream 
arches. s 


2. For the half difference of thoſe ſines. 

AS 100000,000 : 290,887 : 5. $0000,000 : I45,4435 
| (the half difter. 

Anſw. the halfſum is 86602,17277 of the ſines of 50 deg, 

The balf difference 1s 145.4435 F 10 mand $9 d. $0 m. 


The ſum 1s 85747,6162 the ſine of 60 d, 10 m, 
The Remainder is 86456,7292 the fine of 59 d. 50 m, 


Alſo putting 3o deg. for the middle arch. 
The fine of 29d. 50 m. is 49947,873. 
Andthe fine of 3od. 10 m. is $0251,704. 


After the ſame manner may the reſt of the ſines for every 
10min, be found on each fide of 3od. to 25d. and to 5 d. 
And then putring 20 d. for the middle arch, proceed there- 
with and find the fines on each ſide thereof, for every 10 m, 
ro 25d. and 15d. and ſoon for 10 d. god, &c. 


Furthermore from a due conſideration of theſe two laſt 
proportions, for findinz the half ſum and half difference of 
the fines of the two extream arches it is evident thact chis fur- 
ther improvement way be made which will not a litcle ow 

uce 
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duce to the facilicating the calculation of the third part of 
the quadrant, as follows, 

And firſt it is to be noted, Thar the chord of 60 deg. is 
always equal to the Radius, per the 15th. of the 4th. of Euclid. 
And conſequently the fine of 30 deg. being half the chord of 
60 deg. is equal to half the Radius, viz. $0000,00, &c. 

In the latter of the two proportions aforeſaid, ler it be 
required to produce the 4th. term to be the whole differ. of 
the fines of the extream arches, then muſt either one of che 
middle terms be doubled, or (which is more convenient) 
make half the Radius the firſt term, being equal to the fine 
of 3o dep. (as on eng Bows co-fine of 60 d. 

Therefore if 60 deg. be made the middle arch, by reaſon 
of the proportion of equality berween the two firſt terms (1. e. 
haif the Radius and the co-fine of 60 deg.) ir conſequently 
follows that the fine of the arch of diſtance of each of the 
extream arches from 60 deg. is equal to the difference of the 
ſines of thoſe extream arches. Therefore the ſine of one 
being known the fine of the other is had by Addition or 
Subſiraction. : 


For inſtance, Let the three arches be 59 d. 5o m. 6o d. 
and 60 d. 10 m. Then the fine of 10 m- (the arch of dift- 
ance) 1s equal to the difference between the ſines of 59 d. 
$© Mm, and 60d, 10. Mm. 


Therefore unto 864 56,7292 the ſine of 59 d. om. 
Add 290,3897 the fine of 10m, * 


The ſum is 86747,6 169 the fine of 60 d. 10 m. 


Alſo (from the ſame reaſon) the fine of 2o m. is equal to 
the difference between the fines 59 d. 40 and 60d, 20 Mm, So 
that the fine of 20 m. added tothe fine of 59 d.qo m. makes 
the-fine of 60 d. 20m, Likewiſe rhe fine of 1 d. is <qual to 
the difference of the fines $9 d. and 61d. gd. is equal to 
the difference of 55 d. and 65 d. 10d, is equal to the diffe- 


' rence of 5o and 50 d, and ſo on, always retaining 60 as the 


middle arch. : 
M 3 Hence 
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Hence it is evidenr, Thar having calculared all rhe fine: 
under 50 d. (by the rules already delivered) the reſt of the 


fines above it to ge deg. (which 1s one third part of the qua- 


drant) may here 


y be oarained by Addition only. 


(wnich gives the co-fines and fines alſo of the Jaſt zo deg) 
cf rhe quadrant. Then all the inclufive fines berween 3o d, 
and 50 d. may be made by Subtraction. Thus (retaining 5 
for the middle arch) the fine of xo m. according to the pre- 
ceding anology is e qual ro the difterence of 60 d. 10 m, and 
<> d com. Therefore 


9 the ſine of 60 d, 10 Mm. 
7 the {ine of 10 m. 


From 835747;615 
Subſtratt 250,827 


- 


Remzm 85435 75292 thefine of 59 d. go m. 


in like manner rhe Sine of 29 min. (equal to the ditfe- 
rence between the fines 53 deg. 40 mM. and So dep. 20 min.) 
veitig deducted from the {me of 5o d. 20 m. leaves rhe fine 
of 59 d. co Mm. alfo the tine of 2 d., ſubſtrated from rhe ine 
Sf'52 d.!caver rhe fine of 32 d. rhe fine of 20 d. ſubſtracted 
trofutheſific of 2o d. leaves the fine of 4o deg. The like 
underſtand 67 the geft till all rhe fints berween 3o d. and *© 
Cee. bu iuppivet. 


Lifrewite, Lett He required to produce rhe fourrh rern: 
(3s che firft of 'rhs rwo proportions laſt menrioned) ro be 
tie ſum of che tmes of the extream arches, which may be 
iced if cither of the nicdle rerms be doabled, bur ra- 
68 Make bait the Radivs, the firſt term 3 and purring 30d. 
'or che muddle arch, Then ty rcafon of the proportion of 
ena tity herween half rhe radivs and rhe fine thereof Ir will 


e 
4. 


from whence 1oliow, that the Cm-tine of the arch of diſtance 
fatter of the excreams from 3Þ deg. ſhall he equal ro the 


Oh Ne nes of rhote extream arches, and by conſequence 
*#He Site IS her of them being known, the Sine of the other 
» cally oNr73:mned 5 Subftrafion only, 


we 
rf 
Lad 


"T7 
S 
.S 


Or, if che fines and co. fines of the firſt 3o d, be calculated | 


CrA FA rw oa 
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For Example. 


Ler the three arches he 25 d. 50 m, 3od. and 3od. 1o m. 
here the Sine of 89 deg. 5o m.the Co-fine of 10 min. the di- 
ſtance of each arch from 3o deg. is equal to the ſum of the 
Sincs of 29 d..;o m. and 30d. 10 m. from which ſum the 
Sine of either being deduRed leaves the Sine of the other, 
viz. 

(50m. and 3o d. 10 m. 
From the Co-S.of 10 m. 999g9,577 the ſum of fines of 29 d. 
Subſtra& $9251,744 the ſine of 30d. 10 m. 


C——_—E——— 


Remain 49749,873 the fine of 29d. 50 m. 


And from the like reaſon the fine of 35 d. 40 m. 1s equal 
ro the ſum of the Sines of 29 d. 40 m. and 3o d. 20 m. the 
fine 80 deg. to the ſum of the Sines of 20d. and 40 d. the 
Sine-of 70 d. to the ſum of the Sines of 10 d. and 50d. and 
ſoon retaining 3o d, always for the middle arch. 

From hence it is manifeſt that if the ſines of rhe firſt and 
laſt 30 deg. of the quadrant be known, from chem may all 
the Sines included berween 3o deg. and $5o deg. be made by 
ſubſtra&ion alone : for no rwo arches can be propoſed on 
each ſide of 30 deg. equi-diftant therefrom, bur rhe ſum of 
their fines 15 alwayes given, by the co-fine of their diſtance 
as aforeſaid. So that the Sine of the arch below 30 d. being 
always known and ſubſtraed from the ſaid ſum, leave the 
Sine of the arch required as much above 3o d. Orif the 
Sines of the laſt 55 4. of che quadrant, be ready calculared 
trom them, (by the iame reaton) all the Sines of the firf, 
30d. may be found by ſubſtrafion. For any two arches ve- 
ing propoſed on cach fide of 3c d. equi-diftanc therefrom, rhe 
ſum of their fines in ſtill known by the merhod aforeiaid, 
And in this caſe the fine of che cxrream 2rch alove go d, 1s al- 
ways known, and muſt be ſubtracted from their ſum, the 
remainder will be the fine of che orher arch required as mueh 
below 30 d, 

"4 Thus 


OO ImrS —AABannn nt nn 
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Thus far concerning the Conſtruftion of the Tables of Na- 
rural Sines, to wit, Right Sines and not the Verſed Sines, 
for the verſed Sines, as alſo the Chords aac ſeldom uſed in 
the reſolution of Triangles, and therefore Tables thereof are 
needleſs and more eſpecially in regard they both may be eaſily 
obrained by the right Sines, as follows z 


Firſt, Obſerve that the verſed Sine of an arch leſs then a 
quadrant with the right Sine complement of the ſame acch, 
are together equal to the Radius 

Asin Fig. 22. The verſed Sine nc with the right Sine of 
its complemenr en (equal TO) is equal to the Radius ec, 
and therefore the right ſine complement of any arch or anglc 
ſubſtrated from Radius leaves the verſed {ine of that arch. 


Secondly, The verſed fine of an arch greater then a qua- 
drant: 1s equal to the right fine of the exceſs of the ſame 
arch above a quadrant added to Radius. 

As1n Fig. 22. The verfed Sine a n is equal to the Radi- 


us ac added to en the right fine of the exceſs (equal | 


TO.) and conſequently the right Sine of the exceſs of any 
arch or angle above a quadrant, added to Radius gives the 
verſed Sine of that arch. Likewiſe the chords are thus had 
by the right Sines, the Sine of an arch is (as already defined) 
halfrhe chord of the arch doubled, and therefore the right 
tine of any arch or angle doubled gives the chord of the dou- 


ble arch. | 
As for inſtance, the Sine of 10 min. doubled makes the 


chord of 20 min. the Sine of 5 deg. doubled makes the chord: 


of 10d, the Sine of 20 d. the chord of 4o d. & 


Note, That in making the Tables of the Natural Sines to | 


great accuracy, The calculation ought always to be continu- 
edto 4, 5, 6. or more places then the affigned Radius of 
the Tables consifts of to the end that the fraQtional parr of 
every diviſion or extraction may be ſafely negleted without 
breeding any errour inthe following operations, 


By 
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By the T ables of Natural Sines . 
to make the T ables of Natural 


Tangents and Secants. 


jms the Sines, the Tangents and Secants, may from 
them Be calculaced by the following proportions, viz. 


For the Tangent it hojds, 


As the co-fine of any arch or angle : Is to the Sine thereof : 
So1s Radius : To the Tangent of thar arch. 


For the Secant ſay : 
As the co fine of an arch or angle : Is to Radius : : So is 
Radius :; To the Secant of the ſame arch. 


Firſt Example, Let it be required to find the Tangent and 
Secant of the arch of 3o deg. the Sine of 30 deg. 1s $0000,009 
and the co-fine thereof (or the Sine of 60 deg.) 1s 85502.539. 
Therefore, To find the Tangent of 30 d. the propertion 15, 


Co-fine 3o d. Sine 3o d. Radius 


_ 86602,9399 : $0000,000 : : 100000,000 


To $773$,028 the Tangent of 3o deg. required. 


And to find the Secant of 3o d. the proportion is, 


Co-fine 30d. Radins. Radius. 
86502839 : 100000,000 : : 100000,000 


As 


Anſw, 115470,006 the Secant of 30d. required. 


Se- 


179 he Confkrution of the Tables, ec, 


Second Zxample, Let it be required to find the Tangent and 


, Secan: of $0 deg. 


Firſt, For the Tangent. 
A Co-fine 60d. Sine 60d. Radius. 
, $0000,000 86602,529 : : , I00000,000 


Anſw. 173205,078 the Tangenc of 609. required, 


- Secondly, For the Secanr of 60 d. 


_ Co-ſine Radius Radius 
$0000,000 100000,000 3; : IO00000,000 : 
Anſw. 2000900,000 the Secanr of 60d. required. 
The ike merhod obſerve for any other. 


Several more proporrions might have been added conduc- 
ing to the calculaticn of the Tables aforeſaid, bur theſe alone 
are (ficient for performing the whole Cannon. And fuch 
whoſe genius and curiotity promprs them to a further inquiry 
into theſe matters, may have recourfe to larger volumes, 
which have been heretofore menrioned* as well for the uſe of 
thoſe Numbers in Trizonometry; as alſo for other ways of 
their conftruftion, and now it remains to ſpeak ſomerhing of 
Logarichms. 


N this place (before we infift upon the Conſtrucion of 

che Tables of Logarichms) it may nor be amiſs (though 

a digreſſion) togive a {hor definition and explication af 

Progreſfion,ſo far as is perrinent ro our preſent purpoſe as be- 
ing introdudory to che {ubject of Logarithms. 


I. Progreſiion ( here jatended) is twofold, 3. 8 gArith- 
merical and Gcometrical, 
2, Arith- 


— > A: wo Po .o 
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2. Arithmerical Progreſſion or Proportion is cicher conti” 
nued or interrupted. 
>, Arirhmerical Progrefſion continued, or continual pro- 
portion Arithmerical : 15, when a rank of Numbers do conti- 
nually either increaſe or decreaſe by equal differences, as 
cheſe ranks or ſuch like, 


I>3z $> 7» 9s LI1, 13; 15, &c, Increating, 
16, 4, 12, 10, 8, 6, 4, 2, &c, Decreaſing. 


In che firſt rank there is a cantinual increaie, and in the 
Second a.continual decreaſe by 2, which js called the com- 
mon difference or excel. 

4- Arithmetical Progreſſion interrupted or diſcontinued is 
when four Numbers are propoſed having the ſame difference 
berween the 1ſt. and 2d, as berween the 3d. and qrh, tur not 
retaining the like difterence berween the 2d. and 3d. as theſe 
2, 4, 8, 10, here2 and .;, being &&mpared with 3 and 10 
do difter by the like exceſs ro wit 2, but ſodoth not 4 and 8, 
the ike underſtand of 5, 9, 17, 21, or any other of che like 
ſorr. / 

And this kind may nor unfiily (for diſtintion ſake) be 
called Arichmerical proportion, ant che other kind (being 
2 continued ſeries of Numbers equally. dittering) Arithmert- 
cal Progreſſion. . 

$. In Progrefſional Numhers whether Arithmerical or 
Geometrical. The firſt and the Jaſt rerms are commonly 
called the extreams, and the middle rerms are called means. 

5. Any Three Numbers be ing propoted in Arichmerical 
proportion or progreflion, the double of the mean is equal 
9 the ſum of the exrreams. 

As if the three Numbers be 6. 9, and 12. here the double 
of 9 (the :mean or middle rerm) 1s equal to the ſum of 5 
and 12 (the extreams.) Therefore, 

If from the double of the mean, either of the extreams be 
ſubſtratted, there will remain the other. : 

7. Any four Numbers being propoſed in Arithmerical pro- 


portion or progreſſion, the ſum of the rwo means is equal to 


the ſum of rhe rwo eXtreams, Thus 
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Thus 6, 6, 12 and 15 being given, the ſum of 9 and 


12{rhe rwo means) is equal co the ſum of 5 and 1+ (the two 


extreams) the hke underſtand of 13, 17, 21, an4 25, or 
any others of this kind, Therefore, If from the ſum of the | 


rw2 means cither, excream be ſubſtrakted the remainder is 
the orher. 

8, Geometrical Progreſſion or Proportion, is either conti- 
nucd or interrupted, 

9. Geomerrical Progreſtion continued or continual pro. 
p5rcion Geometrical, js wiien a rank of Numbers, do canti- 
nually either inerezfe or decreaſe by the like proportion 
that is according Oo one common multiplyer called rhe com- 
mon ratis, as 1a theſe or ſuch like, viz. 


lk 4s 4 H 6 $6 ic increaſing. 
2; 6, 12, 24» 4% 96, Fc. lncreafing, 
val, 64, 32, 16. © - 4 fc. Decreafing. 


Fn rhe rwo firſt ranks 2 is rhe comman multiplier, and in 
tc laſt. 2 is a common diviſor or (which 1s the ſame) - is 
the common mulrtiplter. 

10. Ina rank of Numbers continug!ly increafing from 1, 
by Geometrical Progre{iion. The firſt term after 1,is calledrhe 
r-07 tidz,or firſt power; the ſecond is called the ſquare or (e- 
cond power ; the third the Cube or third power ; the fourth 
the fourch power 3 and (> on by the denomination of po- 
wers, 85 the gth, 6th. qrit. power, &Cc. 

Azin the firſt coliumn of rhe following Table where the 
root or firſt power is 2, and in the {ccond collum the root 
15 3- 

18. Theſe powers are produced by a continual mulriphca- 
rion of che root (which is the cemmen multiplier.) Thus, 
rhe roor ſquared, produces the ſquare or ſecond power and 
that multiplied again by the roo: produces the Cube or third 
po ver, and that again by the rout produces rhe fourth po- 
wer: and (oon each power being muitiplied by the root 
produces the power acxt above it, And the numbers com- 

pre 
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prehended between 1 and the | — 
power laſt produced are called | pow. j pow. | exp. 
Geometricalmezn proportionals, Swe} © ae 
and excluding the firſt rerm 1, I I O 
and the roor, all the reſt are 2 4 | I 
called a Series, as being form'd 4 S+: A 
from a continual multiplication 8 27 2 
of the root as aforeſaid. 16 $1]: 4 
12. As the ſeveral powers of 32 243 5g 
the roets 2 and 3 1n the forcpo- 64 7291 6 
ing Table are form'd by conti- 128] 2187 7 
nual multiplication , after the J] 255 | 6561] 8 | 
hke manner may the powers of 5$12| 15605 9 
any other numbers be form'd, 1024 | $9049 | 10 
being taken as a root, as 5, 25, &c. | &c. &c. | 
I25, E25, &C. Or 6, 36, 216, — — 
12G6, KC, 


13. To theſe powers it is uſual to aſſign a rank of num 
bers in Arithmetical progreſſion from umty, 1 being both 
the firft rerm and commen exceſs, and thetc are called rheir 
exponents or indices, as ſhewing the diflance on ſear of each 
power from unity. Asn the third collumn of the preceding 
Tableto 1 is aſhgned ©, to the root 1, to the {ſecond povur 
2, to the 3d. power 3, &c. 

14. The Addirion and SubſtraRion of theſe exponents an- 
ſwers to the multiplication and diviſjon of thoſe povcrs 
ran; a ro which rhe exponents reſpeQtively belorg, 
thar is, 

I ;. The ſum of the exponents of any two powers is «qual 
to the exponent of that power, which will be produced by 
the multiplication of the ſaid powers. Thus 1n the torcgoing 
Table, the ſum of 2 (the exponent of the ſeccrd pouer ) 
and 3 (the expo. of the 3d power) .is 5s, which &cvs, lar 
if the 2d and 2d power be multiplicd together they will pro- 


| duce the 5th power, The like underſtand of any of ihe 


reſt, 
15, Alſo the difference of the exponents of any two po- 
wers, is equal to the exponent of the quoricar when! the 
greater cf thoſe powers is divided by the lel!er, which quoi- 

cnc 
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ent will be an inferiour power leſs rhen the greater of the two 
former. Thus the difference berween 8 and 3 15s 5, which 
implyes thar if rhe 2th poet ve divided by the 3d the quo- 
rien 15 the gth power the ſame 1s ro be underſtood of any of 
rhe reſt. 

17. Geometrical progreſcion interrupted or diſcontinued 


1s when four numbers are propoſed, having the like reaion « 


. or proportion between the firſt and ſecond, as between the 
3d and 4th terms, but nor retaining the like reafon between 
the ſecond and third. as in theſe 3, 6, 3 and 15, here 8 
hath che ſame reaſon to 15, as 2 hath to 5, (2 being the 
common multiplier in cach) bur 6 and 8, the rwo means) 
have not the likereaion or proportion between them, the 
ſame underſtood 7, 21, 12 and 35, and of all other num- 
bers under the ſame qualihcation. 

13. And this kind of Geometrical progreſsion may be ra- 
ther called Geometrical proportion, and the other kind 
(which is a ſeries of number continually increafing or decrea- 
fing by the like rate or reaſon) may more properly be term- 
ed Geometrical progreſſion. Nor but that each are propor- 
tional numbers, but one being in a continued progreſlive 
order and the other nor. 

19. Any three numbers heing propoſed in Geometrica! 
proprefiion or proportion, the ſguare of the mean 15 equal 
ro the produdt of the extreams. Thusif three numbers be 5, 
12 and 16, the (quare of 12(the mean) 144. is equal to the 
produt of 15 and 6 (the cxtreams) the ſame properrics 
have 6, 12 and 24, &e. Therefore if the ſquare of the mean 
be divided by cither of the extreams, the quorient 1s the 
orner. 

20, Any four number being propounded in Geometrical 
propqrtion or progreilion, the produt of rhe rwo means 1s 
equal to the produ& of the extreams. Thus 6, 9, 10 and 
15 being given the produdt of g and 10 (the two means) ts 
00, and fo 1s the produtt of 5 and 15. the ſame underſtand 
of 2, 9. 27 and 81, &c. Therefore if the pradu& of the 
rwo means be divided by either of the extreams the quorienc 
is the other. 

21. And from hence ariſcth that excellent Rule in Arich- 


tick 
me a 


foe 2 © AM 


oa I) mu Of bk of moon 


 oS.. 


And Geometrical. | 175 


metick called the Golden Rule or Rule of Three, in all the 
operations whereof rhree proportional numbers are known, 
and thereby a fourth unknow 15 found our. 

23. The numbers of Multiplication and Diviſion are pro- 
porcionals. Thus in Mulriplication it. holds As 1, 3s toone 
of the FaRors. So is the other : tothe product. | 
» And in Diviſion it holds, As the Diviſfor 1s to 1, ſo 1s the 
dividend to the quotient, Or as the Diviſor 1s ro the Divi- 
dend, Sois 1 to the quotient. 

24. Four proportional numbers are uſually diſtinguiſhed 
with points thus :6 2:9 :: Io : 15, bc. 

25. Furthermore, As in the 14, 15, and 16 foregoing 
Addition of the exponents anſwers to the mulciplication of | 
their powers, and Subſtra&tion to Diviſion, - The ſame holds 
if to any other rank of numbers in Geometrical progreſſion, 
be aſſigned any rank of numbers in Arithmerical progreflion, 
viz. the Addition and SubſtraRion of the latter anſwers to 
Mulciplication and Diviſion of the former, from which nott- 
on the Logarithms takes their riſe z which was che cauſe of 
prefixing this diſcourſe of progreflion by way of preface ro 
the Logarithms z being ſo much thereof as ſeems neceſſary, 
for their berter illuſtration, And as to ſuch Arithmerical 
queſtions as uſually belong to Arithmerical and Geometrri- 
cal progreſſion, they are on purpoſe here omitted, as acing 
leſs material to the Subje& of Logarichms, and becauſe of 
deſigned brevity. I ſhall refer for ſuch cheitly ro Dr. 2 a!lzs's 
Opus Arithmeticum; or for want thereof to Moores Arithnetick, 
Wingates Arithmetich by Kerſey, and divers others ; So with 
thus much conclude both kinds of Progrefhion. 


Of 
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Of LOGARIT HMS 


————— 


Firſt, Of the Riſe and Nature of 
Logarithms. 


S the firſt Famous Inventer of the Logarirthms the Ho- 
nourable Lord Neper of *Scotland, rogerher with the 
Learned and Laborious Mr. Henry Brigs, who afterwards (by 
rhe joint conſent of the Author) reduced them into a better 
form and compleated them. I fay as to theſe Worthies 
though much is due yer little need be ſaid of their praiſe, 
which has long ſince (to the great credirof them and their 
- Nations) been ſpread through all or moſt parts of Zuroye, 
and many other parts of the World where Science 1s promo- 
red : Their labours will continue their fame to poſterity, 
nor can their Names and memory ever dye, as long as thoſe 
their monuments the Logarirhms remains in being: Nor need 
T here 1nſ1ſt upon the uſefulneſs of thoſe numbers which is 
ſo general in all the parts of the Mathcmaricks, and eſpeci- 
ally in regard fo many Treartiſes have already been publiſhed 
in cur own Language, and thercin their uſes very largely 
_ exemplified. Whar is here intended concerning Logarithms 
1s ſomething of cheir Original and Nature, bur cheitly their 
Conſiruftion or making. 


if a 7 
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Secondly , Of the Original and 
Nature of Logarithms, '". 


ood By = — are :borrowed Numbers in Arithme- 
tion, tical Progreſſion, fitted or afligned to a rank of 
Numbers 1a'Geometrical progrefſion. Therefore, any rank 
of Numbers being given in Geometrical progreffion t6 thetti 
may be annexed for Logarirhms, any rank of Numbers in 
Arithmetical progreſſion ar pleaſure. 


As 1n this Table, in the firſt — 
column thereof ,-/-1s - a raak of. {\um.|Logs., Log. 
numbers 4n Geometrical pro- Mii 0 
greffion from 1. Now to thoſe or 
to any other rank of propofrtt-: I © 
onals may be adjoined for Loga- 2 3 
rithms either of thoſe ranks in 2 6 
the 2d. and 3 d.col, or any other | 4 
rank of equi-different numbers, 8 3 9 
bur thoſe are moſt commodious 16 4 | 
for uſe which have o afligned: for | £ f A+: 
the Logarithms of Unity, . 32| 5:4 T5.iÞ 

eines ig 3) 22 64] 6" 18 

Theſe Logarichms or Artificial ol 5 23 250 
numbers being thus contrived | T2 | 7 1 21 
and afligned to - proportional *| 2 5 6; 8 24: 
numbers and reſpeRively ſubſti- +2) '27 
tured inſtead rhereof 3 thoſe J 9 
conclufions which in the propor- &c. [8&c. | &C. 


tional numbers are wrought by 
Multiplication and Diviſtoh, may be performed by the Ad- 
dition and SubſtraRton of their correſpondent Logarithms 5 
and che extraction of r90rs in the proportionals may be ef- 

| N feed 
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feted by Diviſion and the produRion of powers by Multi. 
plication of their correſpodent Logarithms 3 for from the 
aforeſaid Definition and explication of Logarithms theſe 
- conſequences follow. 

x. Of four numbers in Geometrical proportion, The Lo- 
garithm of the firſt, being (ubſtrated from the ſum of the 
Logarithms of the 24. and 3d. the remainder is the Loga- 
rithm of the fourth. : 

This is clear from the 7th. preceding of progreſſion Arith- 

bk Example. if 

Let,there be given three proportional numhers as 4, 16 
and Sg find the HR” a Fr 


The Proportion is, 
_ +} \&eE Log. 2 
To 16 —_——_ 
So1s 32 5 
_ 
To 128 gn 


Here the ſum of 4 and 5 (the Logarithms of the 2d. and 
3d.) is 9 from which abating 2 (the Logarichm of the 1ſt.) 
there remains 7 the Log. of (12g )the gth, number which 
was required. | | 


2. In Multiplication the ſam of the Logarithms of the 
FaQtors is equal to the Logarithms of the produt. This is 
evideng from the 23d. foregoing of Geometrical progreſſion. 


Example. 
Nag the FaRors be 32 and 8, to be multiplied toge- 
ther. | 


The 
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The Proportion ts, 


As 1 Log, © 
To 8 | 3 
Sos 32 5 
To 256 g 


Here becauſe the Logarithm of x (the 1ſt, tiumber) is o, 
therefore 8 the ſum of 3 and 5 (the Logarithms of the 2d, 
and 3d.) 1s the Logarithm of 256 the produR. 


' 3- In Diviſion. -The Difference of the Logarithms of the 
dividend and diviſor js equal to.the Logarithm of the 
quotient : | 

This 1s alſo manifeſt from the 23d. of Geometrical pro- 
greſſion aforeſaid. 


Example. 
Let 256 be deyided by 8. 
The Proportion us, 
AS8 Log. ; 
To1 © : 
- S015 256 8 
To 32 = "3-60 


Here becauſe the Logarithm of 1 (the 2d. fhumber) is o; 
therefore 3 (the Logarithm of the 1ſt. or diviſor) ſubſtra&- 
ed from 8 (the Logarithm of the 3d, or dividend) leavess, 
the Log. of 32 the quotient. 


4- In the produ&ion of powers of numbers. The Loga- 
richm of the root multiplied by the exponent of the power 
gives the Log, of the ſame power. ; 

This is obvious from the 14th. and 15th. of Geometrical 


J Progreſhon, 
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| Example. 


Let 4 be the root given, to find the Square, Cube gth, 
| power, &c. thereof. ; : 

If 4 be pur for the root then its Exponent1s 1, and conſe- 
quently the 2, 3, 4+ &c. are the exponents of the other 
powers thereof in their reſpeftive order. Therefore 


Inthe 1ſt. column of the preceding Table of Logarithms. 


The Log. of 445 2 
Which mult. by 2 the exp. of the Squ. or 2d. power. 


| ——_—_—_ 


produces 4 the Log. of 16 the (qu. or 2d. power. 


Again 2 the Log. of the root. 
Mult. by 3 the exp. of the Cube or 3d. power. 


produces 6 the Log, of 64 the Cube, or 3d. power of 4. 


The like may be performed for any other power of 4, or 
for the powers of any other number. | 


$s. Inthe Extraction of Roots. The Log. of the power 
divided by its exponent quotes the Logarichm of the roo: 
reſpeQively. | 

This 1s Converſe of the former, and obvious from the 15th, 
of progreſſion Geometrical, 


Example. 


Let 64 be given to find the ſquare or Cube root thereof, 
Here 6 (the Log. of 64) divided by 2 (the exp. of the 2d. 
power) quotes 3 the Log. of 8, and therefore 8 is the ſqu, 
root of 64. Alſo 6 divided by 3 (the expon. of the 3d. po- 
wer) quotes 2 the Log. of 4. Therefore 4 is the Cube-root 
of 64: the like method oblerye, for finding the roors of 4 

other 
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other power, or numbers commenſurable by their roots, and 
thoſe preceeding concluſions or operations which are per- 
formed by the Logarithmical numbers in the 2d. column of .- 
the preceding Table, may alſo be performed by thoſe in the 
3d. column, or by any other rank of numbers in Arithmerti- 
cal progreſſion. 

* And as thoſe numbers either in the 2d, or 3d. column of 
the Table aforeſaid, may be afligned for Logarichms to the 
rank of proportionals in the firſt column. In the like man- 
ner, may thoſe on any other of the like ſorr) be aſſigned 
for Log. to any other rank of proportionals whatſoever. | 

Note alſo, That though the preceding operations 1n diviſi- 
on and extra&tion of Roors are performed only in ſuch num- 
bers as are commenſurable by their diviſors and roots. Yet 
the ſame holds and may be effe&ted in Numbers thar are in- 
commenſurable by the help of a large Table of Logarithms, 
viz. Such as are in Briggs his Logarithmica Arithmetica, or in . 

Gillibrands or Newtons Trigonometria Brittanica, and divers 
others. 24ND 

So judging thus much ſufficient to illuſtrate the foundarti- 
on and nature of Logarithms we will now proceed to ſpeak 
of their ConſtruQion or making, as they are in the Tables 
now generally uſed. 


Thirdly, Of the ConStruition of 
Logarithms. 


Lthough (or hath been already ſhown) ſeveral kinds of 
Logarithms might be aſsjgned for che ſame proport!- 

onal numbers, or ſeveral proportional numbers to the ſame 
Logarichms, yer thoſe are found moſt commodious and apt 


N 3 tor 
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for the uſe in all Arithmecical operations, which (having a 
Cypher for the Logarithm of unity) are firred ro a rank of 
numbers in Geometrical progreſsion increafing from unity 
by a decuple proportion, as thus, 1 with competent num- 
ber of cyphers annexed is the Log. of 1o ; 2 with the like 
number o cyphers for the Log. 100, and ſo on as in the fol- 
lowing Table. R 


Numbers. | Logarithms, 


A— — 


x | 0©,00000 

Io. I,00000 

IOO 2,00000 

I 000 3,00000 
T0000 | 4,00000 
100000 | . 5,00000 
1000000 | 6,00000 


In the firſt column is a rank of proportional numbers in- 
creaſing from 1. in a Ten-fold rcafon : In the ſecond column 
1s their reſpeRive Logarithms wherein 1 or(rather) 1,00000 
is their common difference. 

To theſe proportinal numbers, viz. 1, 10, 100, &c. in 
the firſt colum are aſsigned for Logarithms the numbers 1, 2, 
3. &c, inthe 2d.column with as many Cyphers annexed, as 
are the number of places defigned for theTable of Logarithms 
toconſiſt of, and thoſe Cyphers may (nor improperly ) be 
eſteemed as decimal places. So that rhe Logarithins hereby 
becomes mixrt numbers whoſe integers (which is always the 
firſt figure in each towards the left hand) being ſeparared 
from the decimals by a point, are called the Charateriſticks 
or Indices of the Logarithms, becauſe they ſhew the diſtance 
or ſeat of their correſpondent numbers from rhe units place, 
as being always leſs by an unit then the number of figures or 
places the narural or abſolure number, belonging m—_ 

ot 
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doth conſiſt of, thus the index of the Log. of all numbers 
under 10 iso. The index of the Log. of all numbers be- 
rween 10 and 100 is 1, of all berween-100, and 1000 is 2, 
&c. The Logarithms being thus aſſumed ro be mixt num- 
bers, it follows, that the Lagarichms of all numbers between 
1 and 10 begin from o. and are conſequently leſs then an 
unit. The Log. of all between 10 and 100 begin from x and 
are therefore greater then x bur leſs then 2 and ſo on inthe 
like order ſucceſsively. 


Having thus aſsigned the Log. of 1, 10, 100, &c. tobe 
0,00000, 1,00000, 2,00000, Kc. as in the preceding Ta- 
ble, by thoſe co find the Logarichms of all the incluſive inte- 
gral numbers between 4 and 10, as 2, 3, 4 5» 6, 7 8, 9+ 
thoſe herween 10 and 100, as 11, 12, 13, I 1, 15, &C. Is 
the ſubje& of the enſuing part. 


The old way of making them was (by the firft inventors 
thereof before-mentioned)) laid down by the extraQtion of 
many roots, thereby ro find ſo many continual mean propor- 
tionals until the number ofcyphers intercepted berween uni- 
ty, and the firſt ſignificant figure of the fractional part, was 
equal ro the number of places that the interttled Table of 
Logarithms ſhould confiſt of. And to thoſe proportionals ſo 
many Arichmetical means was to be found, for Logarithms 
reſpeQively. | : 

Another method was by continual Multiplication, which 
Dr. Newton proſecutes in his Trigonometria Britanica, dedu- 
ced (as he intimates in his Preface) from the 5th. Chapter 
of Briggs Arithmetica Logarithmica, but both theſe ways was 
very laborious as well as redjous ; which Confiderations pur 
many ingenious men and able Mathemarticians, upon an in- 
quiry and diligent ſearch for finding our a more expeditious 
way, then what was then' known: Whereupon one Mr. 
Fames Gregory of Stotland inan excellent ſmall Treatiſe of his 
called, Vera Circuli & Hyperbole quadratura, Printed at Padue 
in the year, 16 doth ſhew how (with great accuracy) to” 
produce Logarithmical numbers (by ſquaring the Geomerr1- 


cal 6gure called the Hyperbola) ro any number .of place de-: 
bs 2 nk fired 
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fired, 'and that with, more eaſe and ſpeed, then by any of 
the methods before known, and theſe numbers he calls hy. 
perbolical Logarichms. The ſame or like method was purſned 
by Mr.”Nicholas Mertator, ina ſmall- (but Learned) Treatiſe 
cf his Intituled Logarithmotechnia, Printed art Londen in the 
year 1668, and by ſome new properties which he then dil- 
covered. in the AHyperbola, did from thence deduce the ſaid 
hyperbolical Logarithms with more caſe and expedition then 
by Gregny's merhod,afrer that in the ſame year. 1668. The ſaid 
Fames Gregory reaſſumed the ſame ſubje&t, and made further 
improvement and demonſtration thereof according to Merca- 
zors method, and this in an ingenious Treatiſe of Gregory's 
publiſhed by the Title of Exercitationes Geometrice, which 
method is now generally accounted the beſt, alſo a further 
Explanation of Gregory's method (in his Exercitationgs Geo- 
metrice) hath been lately publiſhed in Engliſh by Mr. Euc!, 
Speiaal (all the former of Gregory's and Mercator being in 
Latin) wich a Geometrical figure tor demonſtration, of ath- 


nity with the #yperbola, The ſame method (as deduced 


from the aforeſaid Treatiſe Exercitatioves Geometrice) I ſhall 
here inſiſt upon referring the more inquiſicive or intelligent 
Reader to the ſaid Treatiſe for Geometrical demonſtration 
thereof; and contenting my ſelf with the Numerical or 
Figurative part of the work in this-ſ\mall Treatiſe,ſhall wave 
all furcher diſcourſe hereof, and only endeavour to lay 
down the Rules, and explain the operations thereof 1n as plain 
and intelligible rerms as poſſibly I can, conſidering the 
Subjea. 


To make the Hyperbolical Logarithm of any 
Number, the General. Rule may be briefly 
laid down thas © | 


FO the given Number add 1 for a denominator or divi- 

| for, and from the given number Subſtra&t x for a 
Numerator or dividend ; then of the vulgar fraction hence 
rciuits 


Ex 
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reſulting compoſe all the odd powers thereof, which will be 


' a ſeries of proportional numbers, and divide thoſe powers 


by their reſpe&ive Exponents, to wit, I, 3, 5, 7. &c. The 
ſam of all thoſe quotes (being reduced firſt into their leaſt 
rzrms and then into Decimals) is half rhe Hyperbolick Loga- . 
rithm of the number propoſed, and from thoſe Hyperb. Log. 
thus found, may the Tabular Log. now generally uſed, be 
eaſily obtained, as ſhall hereafter be ſhown in irs due place, 


Firſt Example, 


Let ir be required ro make the Hyperbolick Logarithm 
of 2, according ro the General Rule. To the given numder 2, 
Tadd 1 the ſam is 3 for a denominator or diviſor; and from 
2 ſubſtraRing 1, leaves 1-fofia numerator or dividend, then 
1 divided by 3 is +, fothar the vulgar fra&tion hence reſulc- 
ing is +, and rhe ſeveral odd powers of + are as by their 
odd Exponent thus, 


Expon. 1,:3s, $5 7-9 9 » KC 
Powers. 3, 3% E4J0) ELUTYF9 TIGT7) &c, 


That thoſe powers are proportionals is evident from the 
oth, of Gem. Progyeſſion foregoing, in that they have the 
ſame common ratio or mulriplier, 7. e&. 5 the ſquare or 2d. 
power of +, and by the 1 5. of Geom. Prog.1ts apparent tha: all 
thoſe odd powers may be formed by a continual multiplica- 
tion of !. by ; its ſquare or 2d. power, Thus, 


Expos. 2'm 1 = 2 2; 02 = G6 
and 

Powers 3 6:4 = 4 * 

Thoſe Powers being divided by their reſpe&ive Indices or - 


Exponents, which according to divifion in vulgar Fractions, 
| 15 
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is only mnltiplying the ſeveral denominartors, by their cor- 
reſponding exponents reſpeCiively thus, 


EMMI=pn 33= 27, and ;1+ * $ =, &c. 
which done, the ſeveral. quotients, are, 
i 


MLL Reo ono Iommus 
EE ITTSLILEL ITITIAFFITPECCTII 2G FEGIBDI EL TE GTTI 


Theſe quores being Reduced into Decimals, are 


———  — 


+ = 4333333333, CC. 

IT = 5012345679, 
T7TF = 2000823045 * 

2555 = 4000065321 
T375777 = 3000005645 
T37377T7 = 9000000513 
reyu2y3s <= 4000000048 
nS, wi wwy 2 00000008 


: the hyp. Log. of 2 = 4346573589 
2 


The Hyp. Log.of 2 is = ,693147178 


By the Log. of 2 may the Logarithms of all the powers of 
2 be eafily made, viz, The Log. of 4, 8, 16, 32, &c. bur 
this I ſhall refer till afrer I have ſhown how by che Hyper- 
bolick Log. of 2. To find the Tabular, (or Briggs's) Lo- 
garithm of 2. 


And here Note, That though this methad for Calculating 


the hyperbolick Logarithms, by the general Rule atoreſaid, 
be 


© 
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be both'eafie certain, and expeditious : and may therefore 
he uſed for all numbers whatſoever, yer there may be ſome 
Abbreviations or Compendiugns deduced, which will be of 
good adyantage inthe operations: and theſe Abbreviations, 


are; | 

Firſt, Inſtead of framing the powers aforeſaid in the 
terms of vulgar Fra&ions, they may be produced in Deci- 
mals rhus.. The Dedmal] of + (the firſt power in the pre- 
ceding Example; is ,333333333, &c. but to pradyce odd 
powers of ,333333333, &c. = + by @ continual Multipli- 
cation of ,111111111, &c, the Decimal of +4 the 2d. power 
of :, would be intollerable, yer as + or its Decimal is here 
a continual mulripiicator, from thence it follows (and is ap- 
parent from the foregoing Treatiſe of Decimal Anchmerick, 
in page 86, 87, and 88. Where is ſhown how by a given 
diviſor to find a multiplicator and the contrary) that a divi- 
ſor may thereby be had which will effe& the ſame, as the 
continual . mulriplicator aforeſaid ; viz. AS4; 1:71 2 
or 9 the diviſor required. So that as 7 is here a continual 
mulriplicaror, So may 9 be a continual diviſor; Therefore 
divide ,333333333- by 9 continually ; rthatis, ,33333, &c, 
divided by 9 quotes ,037037037, and that quorient again 
by 9 quotes ,004115226 and (fo on, ſerting the quotients 
underneath each other, which quotients are the odd powers 
of + jn Decimals, and conſequently are proportionals as be- 
fore 3 which done divide thoſe powers by their reſpeRive 
Exponents. The ſum of their quorients thus found ſhall 
make half the hyperbolick Logacichms of 2. agreeing with 
the other merhod, And | 


The 
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The Operations in Decimals are accordingly as follows, for 
making the Hyperbolick Logarithm of 2 ,5 — 3333, &c, 


The ſeveral odd powers of [ Thoſe Powers being divid- 
2233333333 = + form'd by | ed by their correſpond, expo. 
dividing by 9 continually, | the quotes to be added for * 
ace the Hyp. Log. of 2 are . 
Expon; Powers. | 

T 53333$3333:KC- 5333333333 
5 »037037037 | »012345679 
5 90904115226 ,000823045 
7 | 000457247 | 500006 5321I 
9g  ,oo005080g ,000005643 

it 7: ,000005645 ' ,co0000513 

I3 * g000000627 ,0000000483 

I; ,000000069 ,000000005 


Half che Hyperb. Log. of 2 is ,346 573589 
: 2 


GR — Ee ..e — . 


The Hyp. Logarithm of 2 15 ,693 147 178 as before. 


Hence you may chuſe whether you will perform the Ope- 
rations in terms of vulgar Fractions, and reduce the laſt quo- 
tients into Decimals, or effet the whole Operations in Deci- 
mals. T have here for better illuſtration, inſerted rhe Ope- 
rations according to each method for making rhe Hyperb, 
Logarithm of 2, bur in the following Examples ſhall perform 
the Operations in Decimals according to the latter method. 
And this explication I judge ſufficient, in which I have been 
rhe more large to the end that theſe preceprs may ſerve in 
all rhe enſuing Examples or for making the hyp. Log. of any 
number without further directions. 


Second Example, 


Let it be required to make che Hyperbolick Logaritim 


d. 


ct, 
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Firſt, 3 — 1 = 2, for the numerator or dividend and 

3 * 1 = 4, forthe denominator or diviſor therefore the 

vulgar Fraction reſulting is '+ = 4'the ſquare 'of 2 is 2 

for a continual mulriplicator and: by conſequence 4 is a con» 
tinual diviſor, 4 1s (1n Decimals) , 50000000, &c. 


The Operations in Decimals are as follows. 


The odd powers of ,; — 2 ! Thequor.(of the ſeveral pow, 
produced by a continual | of ,5 being divided by their 
diviſion by 4. * | * correſponding Expon.) to 

! be addedro make 7-of the 

Expon, Powers.  Hyperb. Log. of 3. 

I »$0000000, XC, 50000000 ' 

3 I 2 500000 + 04166667 

5 03125000 200625000 

T7 | 4,o00781250 00111609 

9 <QO195312 00021701 
II 00048828 900004439 
13 00012207 00000939 
Is ,000030g2 ,00000203 
17 200000763 | »0000C04 5g 
I9 ,000COIgT 00000010 


—u — —— ———— 


| Half the Hyperb. Log. of 3 ,549 30611 
The Hyperb. Log. of 31s 1,09861222 


Another Abbreviation or Compendium in making the hy- 
perbolical Logarithms may be this. 


That alchough thc hyperb. Log. of any number may he 
made by the Addition and Subſtraion of 1 to and from the 
number propoſed, &c. (according to the preceding General 
Rule). © Yer when the given number 15 ſuch, as that the 
vulgar Fraction reſulting (by adding and Subftrafting 1 &c. ) 
hath nor 1 for its Numerator. Then the Log. of ſuch a. 
gumber is more readily made by the Logarirhms of 1s xwo 
Compoſers or Fafors whoſe Fatt or Product 1s equal to the 
givennimber. And one of the Factors ought to be ſuch a 

| nNum- 
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number whoſe Log. 1s-already known. , The other ſuch a 
number, as that by the Addition and Subſtraftion of 1, there 
may reſult a vulgar Frattion having 1 for its numerator, o 
may the ſeveral powers thereof be more cafily formed, and 
conſequently all the operations more expedired and facilita- 
red, then when the Numerator is any number greater 
then 15 

Thus if you defire to make the hyp, Log. of 3 by two 
numbers whoſe Fat is 3, the two numbers moſt convenient 
will be 2 and x *, for the Logarithm of 2 is known, and 1 
added to, and ſubſtrafied from 1 7, leaves the reſulr of -* 
the ſquare whereof 1s ..+ for a continual Mulriplicator 
whereby ro form the odd powers thereof, and conſequently 
25 is4 continual diviſor to effect the ſame, or rather as ,04 
is the equivalent Decimal of .7, .04 may therefore be made 
4 continual mulc:plicator for *tis all one, whether you divide 
by 25, or multiply by -.-7,or by ,04, continually for the pro- 
duction of the odd powers of + or ,2 its equivalent 'Decimal, 


The Operations (to make the hyp. Log. of 1 7) arein 
Decimals as follows 3 c 


The odd powers of ,2 — 7 | The ſeveral quotes{of the po- 
| produced by continual d1- wers of .2 divided by their 
viding cy 25, or (which is | proper Expon.) to be ad- 


the ſame ) by continual ded to make ! the hyper. 


multiplying by ,o4. Log. of 1 -: are 
Expon. | Powers, 
I 5200200000,&c 4200900000, RC. 
3 ,008000000 5002656657 
5 »0C0Z20000 | ,00Cc054000 
"7 ,000012800 | ,000001828 
9 »000200g12 ,0000000g7 
II »CCOOOCO2T | ,000000002 


Half the hyp. Log. of i * is = ,202732554 - 


g—_ H— -” WL DO -—_— 


— I oreemmnenn—_— ne De ee ee O—_n—_———_—_ 
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The hyp. Log. of 1 4 is = 4405455108 
The hyp. Log. of 2 added = ,693147178 
The ſum is the hyp. Log. of 3 = 1,098612286 nearly agre-. 
ing with the hyp. Log. of 3 before found, and thoſe two 
ways may ſerve to verifie or prove each other. * 

Note, That becauſe 2 « 1 - = 3, therefore the Log. 
of 2 added tro the Log. of 1 : makes the Log. of 3. 

By the Log. of 3 may the Logarithms of all the powers of 
3, viz. 9, 27, 81, &c. be eafily obtained. Likewiſe hav- 
ing the hyp. Logar. of 2 and 3 the hyp. Log. of 6 (their 
Fa&) is readily had, for becaule 2 x 3 = 6. Therefore 


To the hyp. Log. of 3 = 1,0986 12286 
Add the hyp. Log. of2 = .693147178 


Sum 1s the hyp. Log. of 6 = 1,591759454 
The Third Example. To make the Hyper. Log. of 5. 


To make the hyp. Log. of 5. The beſt - and moſt facile 
way is to chuſe two numbers (according to The preceding 
dire&ions) whoſe Fa@ is 5, and thoſe numbers may be 
either 3and 1 4, or qgand 1 5. 


Firſt, by the hyperbolick Logarithms of 3 and 12. To 
make the hyperbolick Logarithm of 5, The hyperbolick 
Logarithm of 3 is already known, Therefore the hyp. Log. 
of 1 + 15 required to be made. | 


14— 1=2 forthe numerator or dividend, and 

1+ X1-= 22 or + for the denominator or diviſor,and 

+ divided by £ (rejeQing the nenominators in each) 15 + 
Or {. Theſquare of ; 18;4, the continual multipiicator and 


therefore 16 15a continual diviſor, whereby to produce the 
odd powers 5 or ,25 the decima! equivalent to {. 
The 


192 The Conſtruction of the Tables, 
The Operations ate af 


- The odd powers of ,25 = 7 | Thoſe ſeveral powers being 
produced by dividing con- | - divided hy their proper 
tinually by 16. + - 4 7 *Expon. reſpe&ively. The 

:  ] © quoresto be added are. 


1. -;z290000000,8&Cc ' 9250000000 
& 1 ',015625000 ' g005208333 
] ,0009765563 + | ,00019531Z3 - 

os 12 | ,000061035 - ,000008719 
9 ,00000381 5 ,000000424 

11 ,000000238 *' 000000022 
,0000c001 g - ,000agorolk 


no — ———_— LY 


Half the hyperb. Log. of 1+ is == 4255412812 


. The hyperb. Log. of 1 4 15.-="' ,51052 WIC I: 
The hyperb. Log; of 3 added = 1,058612286 
The Sum is the hyp. Log. of $s = 1,609437 310 S? 
'To which add che hyp.Log.of 2'="" ,693147187 


— - — 


The Sum is the hyp.Log.of 10 = 2,30258 5057 | 


Here the Log. of 3 is added to.the Log. of 1 + to make the 
Log. of 5,becauſe 3 4 14 = 5. Alſo becauſe 5 x 2= 10, 
therefore the Log. of 2 added to the Log. of 5 gives the 
Log. of 10; | 

By the Log. of 's may the Logarichms of rhe poivers of 5 
be readily made as of 25, 125, 625, &c. 


Secondly, To make the hyp. Log. of «, by its FaQors 4 
and x }, the hyp. Log. of 4 1s already known (being twice 
the Log, of 2 for that2 « 2 = 4) ſothar 4t 180nly herc 
required to make the hyp. Log, of 1 ;. 


3 — $221 


Ex 


ng 
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'34 —1= 1 for a Numerator or dividend, and 


1: +1=2 7. or } for the denominator or diviſor. - So 
that rhe vulgar fration hence reſulting is 5 whoſe ſquare 
is. for. a continual Mulrtiplicator, and therefore 81 isa 
concinual Diviſor, whereby to raiſe the odd powers of - or 
»IIII.0TITI, &c. the decimal correſponding thereto, 


| The Operations are 


The odd pow. of ,111111111 | The quotes to be added to 
&c. = 4 produced by di- | make 4} hyp.log.of 13,being 
viding continually by 81, | the odd powers of + divid- 
or (which is all one )by di- } ed by their correſponding 


viding twice by g. Exp. reſpeQively, 
Expon, Powers. | 
I zI11111111,&c qzITLITIIH, &c, 
3. »001371742 .. 2000457247 
5 000016935 -0c0003387 
7 ,290C00209 >000000030 


9 »000000003  _ - 
Half the hyperb. Log. of 1 5 1s = ,111571975 


—— ————— 


The hyperb. Log. of 1 1is = 4,223143550 


—_— Þ__ 


hyp. Log. of 2 beforefound is — 693147178 


The hyperb. Logarith. of 4 is = 1,385294355 
To which add the hyp.Log:of 157 = 4223143550 


—— ——— 


The Sum is the hyp. Log, of 's = 1,509437906 


Note that if the work had been continued to more places 
thoſe two ways of calculating the hyperb. log. of 5 would 
have more nearly agreed , and may ſerve to verifie each 
other, 

(@) Here. 


i 
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Here Note alſo, That although the readieſt method to 
make the hyperb. Log. of 5 be (as aforeſaid) by chuſing two 
numbers whoſe fa& is 5, which may be either 3 and x 2 
or 4and 1; (as inthe two preceding operations) and add- 
ing their logarithms together. Yer the hyp. log.of 5 may 
mo ſome more difficulty ) be made by adding and ſub- 

raRing 1 to and from g the given number ir ſelf according 
to the firſt general Rule, bur in regard the operations are 
roo large for this narrow page, and becauſe the hyperbolick 
logarithm of 5 isalready done two wayes. I ſhall omir the 
making thereof by the number ir ſelf, and leave that to the 
pra&iſe of the ingenious that ſhall think fir to perform ir 
that way. 


The Fourth Example, 
To make the Hyperbolick Logarithm of 7, 


The Hyperbolick logarichm of 5 may with much facility 
and diſpatch be made by its fa&tors, ro wit, either by 5 and 
1+ or 6 and 1 2. In making the hyperbolick logarithm 
' of. 7 by the two firſt gumbers, rhe hyperbolick logarithm of 
' 5 being already known, there 1sonly the hyperbolick log. of 
1 + required to be made in order to obrain the hyperb, 
log. of 7. | 


I 2—1==2 the numerator or dividend, Alſo 


I:41=22 or -: the denominator or diviſor, there- 
fore the frattion reſulting hereof is +2 or + the ſquare of 
which 1s ; for a continual Mulciplicator or 36 for a conti- 
nual diviſor, whereby ro produce the odd powers of - or 
216655566, Kc. 1ts correſponding decimal, 


Ur 
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The Operations are. 


The odd pow. of ,155566567 | Thoſe powers being divided: 
== produced by continu- | by cheir reſpe&ive Expon. 


al diviſion by 36, the quotes to be added(for 
half che hyp.log.of 14)are 
Expon. | Powers. | 
x _| 41666665666&c 2166666667. 
3 0045295296 z001543210 
5 ,0001286003 ,00002 5720 
n 0000035723 | ,000000g10 
9 ,0000000992 »0000000IT 
1s ,0000000048 | ——————————_——_ 
z.the hyp. log. of x 2 is = ,168236118 


The hyp. log. of 14 1s = ,3354752236 : 
Unto which add the hyp.log.of 5 = 1,609437910 


The ſum is the hyp.log.of 5 = 1945910146 . 


Becauſe the fat of 5 and x 2 is 7, therefore is the hyp, 
log, of 5 added to rhe hyperb. log, of 1 + to obtain the hyp, 
loga. of 7. 


| Þ 

To make the hyp. log. of 7 by irs two faftors 6and 13 
the hyp. log. of 6 is known, and the fraQion reſulcing. by 
adding and ſubdaRing x toand from 1 + is ++ whoſe ſqu. 
3; fora continual Mulriplicator, and Wo 1s therefore che 
conrinual diviſor for the produ&ion of the odd powers of, 
77 = 230769230765, KC. 


Q 2 SHEDS CORNER The. 
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/ 


The: Operations. are + 


" Ofd/;pow. of 0759230769, | The powers being divided 
. 8&0; = 54 produced by di- | by rheir proper Expon. The 
viding concinually by 169, | quotes to be added romake + 
-or'by dividing twice by 13. | the hyp. log. of 1 5 are 


Expon. | ' - Powers.: 
I »076923076g8&c | ,0965923077 


3 0904551562 2000151722 
5 30000026933 00000539 
n ,00000001I 59 ,000080C02 


9- -1-- z2©O9980000001 - 
Half rhe hyperb. log. of 1 -: is = ,097098340 


The hyp: 10g. of i is = ,1541 50580 
The hyp.log.of 6s being added = 1,7917 59454 


— __—____ a -- ___— 


The Sum is the'hyp.1og. of 5 = 1945910144 nearly-agree- 
1ng with the hyp. log. of 7 before found by the faRors 5 and 


1 + 7 3535 F, 

By the log. of..7 the log. of 49, 343, 2491, &c..the po- 
wers of 7 15 cafily made by mulciplication only., Having 
made the hyp. log. for the numbers 3,5, and 5 by two me- 
thods, for this end that one many (crVe roverifie- or prove 
the other, it may be conyenicnt to give a hint how to make 
the hyp. log. of 2-b y two fa&ors to prove the foregoing ope- 
ration of making the hyp. log. of 2 by rhe number itſelf. 

Thus thehyp. log. of 2 may be eaſily and readily mage by 
rhe numbers 1 + and 1 + whoſe fat is 2. And in order 
hereunto the hyp. log. of 1: has been already made chere- 
fore hyp. log. 1 + is required which by operation w1!l be 
found ro be . .' : - gyg289682072 

To which add the hyp. log. of 1 + = ,405455108 


The ſum is the hyperb. log. of 2 = ,693147180 
nearly agreeing with the hyp.log. of 2 before found. ME. 
eſe 
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Theſe Precepts and - Examples I judge ſufficient, for 
making thoſe numbers. called hyperbtolick Logarithmss;r.The 
like method being to be obſerved for. the hyperbolick Loga- 
rithms. of all incompoſite Numbers, 3. 2... Such Numbers as 
are-not commenſurable by any whole number- between-an 
vait and the number it (elf, chat 35-114; [3-35 FJ 1941233 
29, KC. 1 on 525957 47 gt { $00 
Thus the hyperbolick Logarithm of 11 may.eaſily be:-made 
by its two FaQtors 10 and 1 --}, the; Logarithm oof 10.hein 
known, and in ordex to-make the hyperbolick Logarithmo 
I; the fra&ion reſulting will be -.-*,-. ion tnns 

Or the hyperbolick Logarithm of-1 1 may, be readily made 
by the two FaQtors 9 and 1 3, their. fat being 11. andthe 
fraQion reſulting from 1 2 1s -*. TA to 

Alſo the hyperbolick Logarithm of 13 may be made 
either by its two Faftors 12 and -* (the; fration reſulting 
from 1-* 1s' +7) or byits rwo faftors ri and 1 = the ſra- 
Aion reſulting from 1-2 js +", The like Compendious me- 
thod may be performed for the other incompoſite numbers, 
by two faftors, which-1I leave to the ſearch of the ingenious 
PraQirioner herein, 


By the hyperbolick Logarithms of choſe numbers already 
made. The Tabular Logarithms of all numbers under 10 15s 
eaſily obrained, and from thence hkewiſe is readily had the 
Tabular Logarithms of all, compofire nambers, arifing from 
the multiplication of any two or more of tho'e numbers to- 
gether, whoſe Logarithms is known as follows. SN 

For as much as all Logarithms performs the fame conc'u- 
ſions, therefore chey are proportional,chat js, As the hyper - 
bolick Logarithm of any number: Is to che Tabular ( or 
Briggs) Logarithm. of that numHer : : S9 is the hyperbo- 
lick L2garithm of any other number : To the Tabular loga- 
richm of the ſame number. Bur the Tabular logarichm of 10 
is always 1,00009G6; ge, (as harh been alrezadyfhown?);and 
the hyperbolick Logarjthm of 10Vis (as before faur} 
243025385088. Therefore the proportion may (univerſally 
and moft conveniently) run thus, - As the hyperbolick.lo- 
garithm cf 10 + is to the Tabular Logarnhm of 10: : So 

& 2 15 
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is che hyperbolick Logarithm of 2, 2, 4, s, or any other 
tumber-:: To the Tabular Logarithm of the ſame number. 

>". And here in as much as the two firſt terms may be general, 
they may therefore be accepted of as a fixt ratio between the 

" hypetbolick and'the tabular Logarithms, and from hence jt 

- follows (according to the method delivered in page 89 and 
50, in the preceding Treatiſe of Decimal Arithmetick, for 

"finding a fixt Mulriplicator or Diviſor in all ſuch Caſes 
where there is a determined ratio ) that the fixt Diviſor 
may be 232257523 of rather 2,302585, &c. And the fixt 
multiplicator may be 1532232335 or rather ,0434204433, 
"Bc. found by dividing 1,000000000, &c. (the Tabular Lo- 
-earithm of 10) by 2,302 58 5088 (the hyperbolick logarithm 
of 10) as follows, | 


: 2,30253 $088) 1,0000000000 (,0434294483, Bec. 
| | 7296596480 


"HERR 


0888412160 


6180518080 


21755479040 


10322132480 


l——nnns een Wn ——_— 


ITII7921280 


19078809280 
658128575, KC. 


21 Tom. uh F 1,70! 
; "Kente itiio that if the -hyperbolick logarithm of any num- 
ber'he either divided by 2,302585, 'or multiplied by 
',0434294's, the quotient or product 15 the tabular logarithm 
of thar number. Thus the hyperbolick logarithm of 2 1s 
$603 r47180,the tabular 'Logarichm by diviſion is ,3910 3006, 

efore 


in 


(pr 
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before which prefixing © for its proper Index or charaferſ- 
ſtick and then it 150,30103coo, the logarithm of 3-accord- 
ing to Brigg's Tables. - | 1 


2,302585) ,$93147180 (,301030007, Kc. 


2371680 


@—— 
mmmarrn————_— 


6909500 


17469929, &c; 


By Multiplication the tabular Logarithm of 3 is the ſame 
(prope virum) as by Diviſion, as follows. 


The hyperbolick Logarithm of 2 is = ,553 
The fixt Multiplicator is = +04342945 


- 1 i 1 - 
Pm——IEEIIm_= wean ngagn——_ nn bo nw 


The Tabular Logarich. cf 2 15 2,30193000,79545 155 ri 


For the Logarithms of the powers of 2; 5) & 4. 46: 2. 
64, &c, Multiply the Logarichms of the roo: 2. by the Ex- 
ponenrs of the powers as 2. 3, 4, $. &c. the {cverai Pres 
duQs are the Logarichms of the powers of 2. reſpetiive!y. 
Thus ©,301c309 the tab. log. of 2 mulciplyed by 2 g3ves 
0,6020500 the tah. log. of 4. And by 3 givcs 0.202920. the 
tab, log. of 2. and by 4 gives 1,2241206c the tab. log, of 15. 
and ſo on for rhe reft of the powers of 2, as in{itum. 

The like is to be performed by the logarithms of an- other 
mumber to fiad the logarithins of the powers . of rhe {ame 


bumacr ; n By 
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By the hyperbolick Logarithm of 3. . To find the Tabular 
Logarithm of 3. 


The hyperb.Log.of 3 (before found). is — 1,058512285 
The fixt Multiplicator 1s = 04342945 


5493051430 
4394449144 
9887510574 
2197224572 
4394449144 
3295836358 
4394449144 


the Tabular Log. of 3 is = 0,4791212,734412270 


The Tabular Log. of 9 is = 0,9542425 

©. of a7 Is = 1,4313638 

of 81 is = 1,5084850 
By the Logarithms of 2 and 3 the Logarithms of all their 
Compoſites, as 6, 12, 18, 24, 36, &c. is readily obtained 
by Addition alone. For the Logarithm of 2 added to the 
Log. of 3 gives the Log. of 6. The Logarithms of 6 and 2 

the logar. of 12, the log. of s and 3, the log. of 18, &c. 


Thus, The Tabular log. of 3 is = 0,47712127 | 


of 2 Is = 0,30103000 


of 6 1s =-0,97815127 


of 12 1s = 1,07918127 


of 18 1s. = 1,26527254, Kc. 


 Thereaſon of producing the Logarithms of the powers of 
8dy number, by multiplying the Log. of the root by the Ex- 
ponents 


- 


' 
a 6 2&4 ay a_—. cot. a. a - FR 


ar 
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-ponents of the power, as likewiſe of producing of the loga- 


richms of compoſite numbers by Addition of the logarithms 
of their compoſers or faors,is clear from the1y &r 5 of Geo- 
metrical progreſſion foregoing, as alſo from the nature of 
Logarithms explained in the 1977 and 1782 pages preceding 
he like operation is to be performed to obtain the Tabu- 
lar Logarithms of 5,-9, or any other number by their hy- 
perbolick Logarithms,as alſo rhe Tabular. Logarithms of their 
powers, or of their Compoſites, as hath been already per- 
formed, for the Tabular Logarithms of 2 and 3, their powers 
and compofires, ſo thar rhus much may be deemed ſufficient 
for explaining to any reaſonable capaciry, the manner, and 
proceſs how firſt to calculate the hyperbolick Logarichms, 
and how from the hyperbolick Logarithms of a few numbers, 
to make the Tabular logarithms of many, with much facility 
and diſpatch, and that tro what exaAneſs or. number of places 
you pleaſe, and 'conſequently ro calculate a whole Table 


_ of logarithms anew, or to examine one already made. 


The next Subje& rhar falls under our * Confideration as 
being both proper and very pertinent hereunto, is that of the 
Logarithmical or Artificial Sines, Tangents and Secants. 


The 
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T he Conftru@ion of the T ables of 
Artificial Sines, T angents and 


Hecants.. 


HE Artificial Sines, Tangents and Secants are no 
other then the Logarithms of the natural Sines, Tan- 
nrs and Secants reſpe&ively ; being calculated to the na- 
tural Radius of 10000000000, that fo they might be the 
more exat. Notwithſtanding many natural Tables: are 
adapted to a lefſer Radius for more eaſe in Calculation there- 
by. . And from hence it is that the Artificial Radius (3. e. 
the logarithms of the natural Radius) hath always 10 for the 
charaReriſtick, or index thereof, and fo the indices of all 
the Artificial Sines, Tangents and Secants depends on the 
number of places, that the Natural Sines, Tangents and Se- 
cants confiſts of, and is either greater or lefs then 10, accord- 
ing as the natural number belonging thereto is either greater 
or lefſer then the natural Radius of the ſame Table : And 
from the premiſes it 15 clear, that if there were extant a Table 
of logarithms for all numbers from x to 10000000000 3 
then might the Tables of Artificial Sines, Tangents and Se- 
cants be from thence readily Conſtrated by Tranſcription 
only. Howbeit though no ſuch Table be to be had or expeR- 
ed, yer bya Table of Logarithms for all abſolute numbers 
from 1 to 1,0000, as 1n Dr. Newtons Trigonometria Britannica, 
and divers others. The Artificial Sines may (withour dif- 
ficulty) be atrained ro ſufficient accuracy by the part propor- 
tonal as follows. And from the Artificial Sines, the Artifici- 
al Tangznts 2nd Secants 1s eafily made, as ſhill be hereafcer 
ſhown 10 its due place. \ 


Having 


TW 7 _TW 


us RE Rs, =. a AR EG OS. 


vY 


Artificial or !ogarichmaical fine of zo d. viz. 9,55897000. 
S 
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Having the Natural Sine of any Arch. To 
find the Artificial or Logarithmical Sine 
thereof, by a Table of Logarithms, &c, 


I. =— > the firſt five figures of the Natural Sine of the 

Arch propoſed, to which annex as many cyphers 
as there are figures remaining, alſo take another number 
exceeding the former by an unit with the like number of 
cyphersannexed to it. 

2. Look for the logarithms of the numbers aforeſaid pre- + 
fixing their proper indices. _ 

3. Get the difference of thoſe two numbers, as alſo the 
difterence of their logarichms, and likewiſe the excels of the 
Natural Sine above the lefler abſalure number, whiciz 1s al- 
ways the remaining figures of the Natural Sine of the Arch 
propoſed. 

4. Then ſay, As the difference of the abſolute numbers : 
Ts tothe difference of their {ogarithms : : So is the excels of 
the Natural Sine above the leiſer abſolute number : To the 
exceſs of the logarithmical fine required above the leſſer 
logarithm. This fourth numher or -proportional part 
found, added to the leſſer logarithm, gives the logarithm of 
the Natural fine of the Arch propoſed, or Artificial fine 
required, 


Firſt Example. 


The Natural Sine of 39 d. is 5000000000, &c. To find 
the logarithmical or Arnficial fine thereof. 

Here Note, That-jn regard the Natural fine of the Arch 
propoſed is 5 with cyphers annexed. Therefore 0,5 989,7000 
the logarithm of 5s, with (9) the proper index prefixed is 
the logarithm of 500000000 o, or (which is the ſame) the 


f- 
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Second Example. 


The Natural Sine of 54 deg. 15 min. being 81157,35820, 
To find the Artificial fine thereof. | 


The firſt 5 figures of the Narural Sine, with 5 cyphers an- 
nexed\s  81157,00000 Jog, 9.59932 598 
The numb.greater by 1 15 81158,00000 log. g,50533134 


Diff. of the 2 abſol, numbers 100000 dif. log. 535 
The exceſs of the Nar.fine above the leſſer abſol.numb. 39820 
The Proportion 15, 
As 100000 : 836 : : 39820 © 213 

$35 

: : 2385920 

V's 119460 

I99100 


iC—_ OO — 


The proportional part js 213,43520 


Unto 9,90932558 the leſſer logarithm 
Add / 213 the proporrt. part found. 


The ſum 1s 9,50932311 the Arrtific. fine of 54d. 1s m. 


Here obſerve that the firſt number in the proportion is 
always 1 with cypiers annexed : Therefore rhe operation 
for the proportional part is performed by multiplication only. 

Alſo 1f the Tables of logarichms, for abſolute numbers con- 
fiſts of 14 or 15 placcs; the like method 1s ro be obſerved 
for fanding the par: proportiona!, 


Third 


ln wt md 
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Third Exnmple. 


To find the Artificial fine of 50 deg. the natural fine there- 
of being 8550254038, 


The firſt 5 figures of che Natural fine with $ cyphers annexed 
rherero | 86502,00000 'loga. 9,93752792 
The numb. great, by 1 1s 8<503,00000 loga. 9,939 53294 


—— — 


Diff.of the two abſol.numb. is 1000co dif, loga. $02 
The exceſs of nat. fine above the lels abſol, numb. is 54038 


The Proportion 1s, 


As. 200000... 5 402 3 2: 44038-2785 
$O2 
103096 
2701900 


Unto the proporr, part 1s 271,27076 
Add the leſſer log.g,937 52792 


The ſum is 9,93753053 the Arrificia! fine of 60 &. or 
logarichm of 8550254033 (rhe nar. ſine of 60 d. ) 


Having according to this mett.od or by any other that 
may be judged more facile or expedirious calculared the 
Artificial fines, for rhe firſt rwo third parts of che quadrant, 
che other rhird part may readily and with eaſe be tupplyed 
wich Artificial fines by chis proportion, ziz. As rhe fine of 
an Arch : Is to the fine of 30d. : 2 So 1sthe fine,of double 
che ſaid Arch : To the co-fine of the firſt Arch. 

Thus having the Artificial fines for the firſt &0 d. To 
find- the reſt from $o to $1, 62, 63 d. &c. r05o deg. it 


. runs thus. , 


As 
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As fine of 29 deg. Co-Arithm. 0,31442878 
To ſine of [30 deg. 959897000 
So is ſine of 53 deg. 992842043 
To fine of 61 deg. | 9,94181925 
Again. As fine 28 deg. Co-Arithm. 0,32839071 
To Sine 3o deg. 9,6929700D 

So 1s fine 56 deg, 9,91857421 

To fine 62 deg. | X5,94593492 


The like operation is to be performed for the reſt. Or 
if you begin at go deg. To fiad the. remaining third pact 
of the ſines, and proceed ro 89 d, 58 min, 8g d. 88 d. &c, 
to 60 the proportion runs thus. 


As the ſine of x d. Co-Arith, 1,75814469 
To the Sine of 3o deg. 9,69897000 
So is the ſine of 2 deg. 8,54281916 
To the fine of 89 deg. X9,99993385 
Again As the fine of 2 deg. Co-Arichm, 1,45718084 
To the fine of 3o deg. 9,56 9897000 

So is the fine of 4 deg. 8,84358451 

To the ſine of 83 deg. X9, 99973535 


And fo on for the reſt, as alſo for the deg. and minutes. 


Or having calculated the laft 5o d. of the quadrant, 
che firſt 230 deg. may be readily obrained by the following 
proportion, being only the converſe of the former, viz, 

As the Co-ſine of an Arch propoſcd :.Is ro the fine of 
double rhat Arch : : So 1s the fine of 30 deg. To the fine of 
the propoſed Arch : And by this proportion you muſt pro- 
ceed (1n finding the firſt 30 deg.) from 35 to 25, 28, 27, 
10 » deg, 1 min. Thus 


Act 


a _ VQTDmo 2c a Ad 


Jy 
> 
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As the fineof 61 d. Co-Arith. . 0,0581807g 


To rhe ſine of 58 d. 9992842048 
So is the fine of 3o d. | 965897000 
To the fine of 2g d. X9,68557123 
Again, As the fine of 62 d. Co-Arith. 0,05405g08 
To the fine of 55 d. 9,91857421 
So 1s fine the of 3od, 9,698995000 
To the ſine of 28 d. | X9.66160929 


Having the Artificial or Logarithmical ſine of 
any Arch. To find the Artificial or Loga- 
rithmical Tangent of that Arch. 


HE proportion is the ſame as in page the 169 where 
the nat. Tangeat is found by che Nar. fine, viz, 


As the Co-ſine of any Arch : Is tothe fine thereof : : So 
15 Radius : To the Tangent of that Arch : Therefore uni- 
verſally, The Artificiai Co-fine ſubſtrated from the ſam of 
—_— and che Artificial fine leavesche Arcificial Tangent of 
that Arch, 


Example. To find the Artificial Tangent of 3o d, 


As the Co-fine of 30d. | 9,9375J053 
To the fine of 390d. 9,55857000 
So 15 Radius 19.CO020000 
. Tothe Tangent of 30 d, 5:75143037 
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Thus having made the Artificial Tangenrs for one half of 
the quadrant, the Arcificial Tangents for the other half, is 
eaſily thereby producea by this proportion. As the Tan- 
gent : Isro Radius : : So1s Radius co the Co-tangenr. Thar 
1s the Arrtificial Tangent ſubſtrated from twice Radius, 
leaves the Artificial Co-rangent. 

And hence ir is that the Artificial Tangents and Co-tang. 
are always the Arithmencal Complements of cach other ro 
ewice Radius, 


Example. For the Tangent of 6© d, the Co-tangent of 3o d, 


As the Tangent of 3o d. 9,76143937 
To Radius | 1C,000C0000 
So is Radius 10,00000000 
To the Tangent cf 60d. 10,23856063 


 Alfo by the Artificial fines the Artificial Secants, may be 
made by this proportion following, which 1s che ſame as in 
pag. 1 69. for finding the natural Secant by-the natural ſine, 
VI 

As the Co-fine of an Arch : Is to R2dius : : So 1s Radius 
To the Secant of rhar Arch : that is the Artificial Co-fine 
ſubſtradted from: rhe doub. of the Artificial Radius,leaves rhe 
Artificial Secanrt of thar Arch, and conſequently the Secant 
. and Co-Sine of 21 Aich are always the Complement Arith- 
merical eaci to twice Radius, 


Examp.e. To find che S:cant of 30d. 

As the Ct-fine of 3 d. 9493753053 
To Rzdivs N 1 ©:CCOO0000 
So 15 Rudi us | 1 0.000C0000 


cod. | 10,00246537 


To the Cecant © 


For 
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a | For the Secant of 60d, | 
: As the Co-fine of 60 d. 9.69899000 

h To Radius canta; 
7, So is Radius 10,00000000 

4 To the Secant of 60 d. IdyRplrochpyie: 
J, From hence 1t is clear, That if to the complement Arith- 


metical of rhe Co-fine of any Arch you add Radius, the 
ſum is the Secanrt of that Arch, and accordingly in ſome 
Tables of Artificial Sines and Tangents inſtead of the Arri- 
ficial Secanrs, are placed the complement Arithmertical of 
the Sines and Co-fines to Radius, which are no other then 
- #.thie Artificial Secants without their charaReriſtick or indices, 
whereby the Secants are eafily ſupplyed as aforeſaid. 


e Thus 9,937 $3068 the Artificial co-fine of 30 d. (or Sine 
in {of 60d.) ſubſtrated from 10,00000000 the Radius leaves 
e, 1 2,06245937 the complement Arichmericat thereof. There- 


fore, 
us | : | 
ne Unto 0,05246937 the co-arith. of the Sine of 50 d. 
he Add Rad, 10,00000000 , 
Tits 


h- {The ſum is 1c,95245937 the Secant of 30 d. as before. 


Alſo unto 0,30103c00 the co-Arith.of the Sine of 3 od, 
Add Radius 10.0c00-000 


The fum is 10,30103000 the Secant of 60 dy as —_— 
found. 


Likewiſe unto 2,05515815 the Co-Arith, of the Sine of 
Add Radius 10,00c00000 (39 Mm. 


© ——— 


TO l kD, og 


The ſum 1s 1205915815 the Secant of 89 d, 3o m. 
P 


or Note, 
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Note, That the complement Arithmerical of any Loga- 
rithm is moſt readily had, by ſubſtratting every figure from 
9 (beginning ar the jefr hand) and rhe laft rowards the 
right hatd from 10.) 

| But if you are to rake the Complement Arithmetical of 
an Artificial Sine or Tangent greater ther Radius, Take it 
from rwice Radius, or (beginning ar the left hand ) (ub. 
ſtra the firſt figure from 15, and each of the reft from 5 
only the {aſt from 10 as before, and then 1n chis Caſe you 
are to dedutt twice Radius, from rhe fum Reſulting by the 
operation, - bur in ihe former bur once Radius, * 


Thus much (conſidering this Miſcellaneous Epitomy) is 
what ſeems needtul, as being ſufficient for the ConſtruRion 
of both che Natural and Artificial Cannon. 


As to the Tables themſelves ir is not thought needful to 
add any here, or to inſiſt upon cheir various uſes 1n ſeveral 
parts of the Mathemaricks, for the Tables are very plenriful, 
and their uſes largely handled, by divers good Authors 
ſuch as have been already memioned, | 
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To Calenlate T 4 BLESo 
Randoms inGUNNER : 


o 
# 


HE merliod hitherto ktiown according to Art and 


Proportion, publiſhed and approved by ſome 4290s 
of good eſteem; 15 as follows. 


Firft, having made tryal of a piece of Ordinance 5 of any 
degree -of Mounture or Elevation. The florxizontal Ranges 
are in Proportion to one another. As are the Sines of the 
double Angle of Elevarion : That is having the ran 

Random which is ar 45 degrees of Elevation, Rich Tip 
ro be 2000, To find the Ravge of che ſhor at” od 6 degt 4 
Elevation the Proportion Is P | 


1638, 54 


As Sine of twice 45 d. that is 55d. of Rad. #5; pb5gods' bas 
' | 


To 2000 the orecef Range 6 13010200? | 


C 13 Sine of twice 5 deg. thart 1s Sine of 10 d. 9,2396702 , 


To 347 the Range at gd. Elevation 2,5497002 


The like Properiten 1s to be __— :d for the Range, at 
any other degree of Elevition., 

Org Having the Randorh at any othfer debtor, as ſuppoſe 
at 25 deg. of Mounture, to be 1285 and from thac to 
Ca'culare eirher the preteſt Randozn, or the Randoms for 

any other degree of Elevation, 


For 
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For the greateſt Random, 


As Sine of 40 deg. 9,8098067g 
.To 12865- ” ?} 3,1092401 
So is Radius I0,COO0000 
, To the greateſt Random 20c0 33011926 


ky | 
. Oc, For the Random ar 36 deg. 


Pa 


| | 
As Sine of 40 deg. Co-Arith. , 01919325 


To 1286 3,1092410 
. So is-Sine of 72 d- | 9,9782063 
"T6 Ig02 the Random at 36 d. 3.2793798 


. According to this method (admitting of this Proportion) 
may. a;Tabſe of,Randoms be Calculated,for any peice of Or- 
dnance to any degree and minute ' of Elevation by. having 
only one Random at any Elevation : and according to this 
Proportion thoſe Tables in Mr. Anderſons Genuine ufe of the 
Gun were Calculated by Mr. Street, bur herein Experience is 
rather to be preferred and chiefly regarded. 


- 


ETEES 


Advertiſement. 
T WW:illiam Court's Bookſeller, at the 
eMariner and Auchpr on Little-Tower, 


Hill, London ; are Taught theſe Mathe- | 


matical Arts and Sciences following, Viz. 
Arithmetick , Geometry , Trigonometry , 
Navigation, Surveying, Gauging, Gunnery, 
Dyalling, Aſtronomy , Proje&ion of the 


Sphere, Fortification,. ArchiteGure , Per-' 
ſpective, Uſe of the Globes and other Ma- 


thematical inſtruments. 

There is alſo Taught in our Own,and the 
Latin FTorgue, Algebra , Conic-Sections, 
Arithmetick of Infinites, and Converging 
Series, by Marmaduke Hodgeſon. 


Athematical and Sea-Books, Paper, 
| and Paper-Books, Sea Wagoners, 
Flats and Charts,with Mathematical Inſtru- 
ments. 


Ikewiſe a Treatiſe of Practical Gauging 

, {hewing, A Compendtous and Ealte 
way To attain that Ulciul Art, The whole 
Grounded upon the Unerring Principles 
of Geometry, by Marmaduke Hodgeſon. 
Printed for and Sold by }{zaz2 Conrt at 


[the Marizer and Anchor on LiitleTower-Hil. 
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